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oreword 



In the United States, the public school system is designed — ideal- 
ly — to produce effective, thoughtful citizens who will become 
valuable contributors to society. In the race to make sure our stu- 
dents are well prepared to handle the world they walk into when 
they walk out of schools, the nation has tried to enlist as teaching re- 
sources the most relevant technological innovations of our time — 
whether television or telecommunications, calculators or computers. 
But in the process of equipping our students to learn with technology, a 
valuable — perhaps the most valuable — part of the education equation 
has been virtually overlooked: the teachers. 

Despite over a decade of investment in educational hardware and soft- 
ware, relatively few of the nation's 2.8 million teachers use technology 
in their teaching. What are some of the reasons teachers do not use 
technology? What happens when they do use technology? What factors 
influence technology integration in schools? What roles do schools, dis- 
tricts, states, the private sector, and the federal government play in help- 
ing teachers with new technologies? OTA's in-depth examination of 
these questions was initiated at the request of the Senate Committee on 
Labor and Human Resources, and endorsed by the House Committee on 
Education and Labor (now the House Committee on Economic and 
Educational Opportunities) and a member of the Senate Appropriations 
Committee. As this report will show, helping schools to make the con- 
nection between teachers and technology may be one of the most impor- 
tant steps to making the most of past, present, and future investments in 
educational technology and in our children's future. 

Throughout this study, the advisory panel, workshop participants, and 
many others played key roles in defining major issues, providing in- 
formation, and contributing a broad range of perspectives that helped 
shape this report. OTA thanks them for their substantial commitment of 
time and energy. Their participation does not necessarily represent an en- 
dorsement of the contents of the report, for which OTA bears sole 
responsibility. 
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SUMMARY OF KEY FINDINGS 

■ Projections suggest that by spring 1995, schools in the United 
States will have 5.8 million computers for use in instruction — 
about one for every nine students. Almost every school in the 
country has at least one television and videocassette recorder, 
and 41 percent of teachers have a TV in their classrooms. Only 
one teacher in eight has a telephone in class and less than 1 per- 
cent have access to voice mail. Classroom access to newer 
technologies like CD-ROM and networking capabilities are 
also limited. While 75 percent of public schools have access 
to some kind of computer network, and 35 percent of public 
schools have access to the Internet, only 3 percent of instruc- 
tional rooms (classrooms, labs, and media centers) are con- 
nected to the Internet. 

» Despite technologies available in schools, a substantial num- 
ber of teachers report little or no use of computers for instruc- 
tion. Their use of other technologies also varies considerably. 

■ While technology is not a panacea for all educational ills, 
today's technologies are essential tools of the teaching trade. 
To use these tools well, teachers need visions of the tech- 
nologies' potential, opportunities to apply them, training and 
just-in-time support, and time to experiment. Only then can 
teachers be informed and fearless in their use of new 
technologies. 

• Using technology can change the way teachers teach. Some 
teachers use technology in traditional "teacher-centered" 
ways, such as drill and practice for mastery of basic skills, or 
to supplement teacher-controlled activities. On the other hand, 
some teachers use technology to support more student-cen- 
tered approaches to instruction, so that students can conduct 
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Helping teachers become 'fearless' with technology could be 
the best way to assure that they use these tools effectively in 
thieir classrooms. 



their own scientific inquiries and engage in col- 
laborative activities while the teacher assumes 
the role of facilitator or coach. Teachers who 
fall into the latter group are among the most en- 
thusiastic technology users, because technolo- 
gy is particularly suited to support this kind of 
instruction. 

■ Increased communications is one of the biggest 
changes technology offers classroom teachers. 
Telecommunications, from simple telephones 
to advanced networks, can transcend the walls 
of isolation that shape the teaching profession 
and allow teachers to converse and share expe- 
riences with colleagues, school administrators, 
parents, and experts in the field. 

■ Helping teachers use technology effectively 
may be the most important step to assuring that 
cunent and future investments in technology 
are realized. 

■ Most teachers have not had adequate training to 
prepare them to use technology effectively in 
teaching. Currently, most funds for technology 
are spent on hardware and software, but experi- 
enced technology-using sites advocate larger 
allocations for training and support. On aver- 
age, districts devote no more than 1 5 percent of 
technology budgets to teacher training. Some 



states have suggested this figure should be 
more like 30 percent. 

■ A majority of teachers report feeling inade- 
quately trained to use technology resources, 
particularly computer-based technologies. Al- 
though many teachers see the value of students 
learning about computers and other technolo- 
gies, some are not aware of the resources 
technology can offer them as professionals in 
carrying out the many aspects of their jobs. 

■ Although schools have made significant prog- 
ress in helping teachers to use basic techno- 
logical tools such as word processing and 
databases, they still struggle with integrating 
technology into the curriculum. Curriculum in- 
tegration is central if technology is to become 
a truly effective educational resource, yet in- 
tegration is a difficult, time-consuming, and re- 
source-intensive endeavor. 

■ Technology can be a valuable resource for im- 
proving teacher education overall. It can bring 
models of the best teaching live from the class- 
room into the colleges of education, or provide 
video case studies of teaching styles and ap- 
proaches. It can forge stronger connections 
among student teachers, mentor teachers in the 
field, and university faculty. 

■ Despite the importance of technology in teach- 
er education, it is not central to the teacher 
preparation experience in most colleges of 
education in the United States today. Most new 
teachers graduate from teacher preparation 
institutions with limited knowledge of the 
ways technology can be used in their profes- 
sional practice. 

■ The federal government has played a limited 
role in technology-related teacher development 
compared with states, universities, and school 
districts. Even so, past federal programs have 
piloted innovative educational applications of 
technology for teachers by providing signifi- 
cant support for professional development, 
specifically among mathematics, science, and 
special education teachers, and by providing 
funding for technology-related professional 
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Technology is a fact of life in today's society and students will need to be facile with these powerful tools. This young student 
makes sure his thinking cap is on as he ponders a computer screen in the classroom. 



development in school districts that could not 
have supported it on their own. 

■ The federal government has tended to focus 
more on inservice than preservice education, 
channeling more support to K-12 schools than 
to colleges of education — an approach that may 
address current needs but does not greatly in- 
fluence teacher preparati on or quality over the 
long term. 

■ The federal government has a unique opportu- 
nity to encourage greater links between tech- 
nology and professional development, througli 
recent legislation such as Goals 2000 and the 
Improving American's Schools Act. The way 
the laws are currently written, however, fund- 
ing for technology and teacher training, and 
support for effective use, may not be high prior- 
ities. National leadership for educational 
technology can create enthusiasm and support 



for state and local technology initiatives. Fo- 
cusing attention, as well as funding, on how 
technologies can support professional develop- 
ment, and on how teachers are essential to the 
implementation of technologies, can send im- 
portant signals to schools around the country. 

INTRODUCTION 

"A teacher affects eternity; he can never tell 
where his influence stops." 

Henry Adams, from The Education of 
Henry Adams 

Technology is a fact of American life. Computers, 
video, television, telephones, radio, and telecom- 
munications networks exert an incalculable in- 
tluencc on how we live, work, and play — an 
iiinuencc likely to expand as hardware and soft- 
ware become more powerful, affordable, and per- 
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vasive.' New technologies are already essential 
tools for doing business and are quickly becoming 
a primary means for people to acquire informa- 
tion. For example, in 1993 an estimated 12 mil- 
lion-plus Americans regularly used electronic 
mail and related online information services,^ By 
October 1994, the number of e-mail users was es- 
timated to be more than 27 million.^ 

For students, the ability to use technology has 
come to be recognized as an indispensable skill. 
The Secretary's Commission on Achieving Nec- 
essary Skills (SCANS) stated this in the starkest 
terms, "Those unable to use . . . [technology] face 
a lifetime of menial work.'"* 

Recognizing their responsibility to prepare stu- 
dents to work and live in a technological society, 
states and school districts have adopted standards 
for teaching student5-. with and about technology,^ 
For example, in a 1994 survey conducted for the 
Office of Technology Assessment (OTA), all but 
seven states reported that they require or recom- 
mend integrating computers or information 
technology into the curriculum, and 19 states re- 
quire seniors to demonstrate comi^ater competen- 
cy before graduating.^ The question now is, how 
can schools use technology more effectively? 

Most policy discussions and technology ini- 
tiatives have tended to focus on hardware and 
software acquisition, and student access to tech- 
nology. However, in the enthusiasm to get tech- 



nology to students, and in the context of limited 
resources, teacher issues have been shortchanged. 
When teacher needs are discussed, the emphasis is 
often on providing short-term training to familiar- 
ize teachers with a specific application or encour- 
age general computer literacy. Seldom have 
policy discussions or initiatives centered on the 
relationship between technology and die teacher's 
role. Seldom have they articulated a vision of how 
technology can empower teachers to carry out all 
parts of their jobs. 

In response to these concerns, noted as issues in 
earlier OTA reports,'' OTA was asked to do this 
study by congressional committees and members 
of Congress with interests in the application of 
emerging technologies to education (see box 1-1). 

In addition to the usual OTA process of conven- 
ing an advisory panel, conducting extensive staff 
work, and obtaining broad peer review of drafts, 
OTA used a variety of methods to conduct this as- 
sessment (see box 1 -2). The technologies OTA fo- 
cused on and their current availability in the 
nation's elementary and secondary schools are de- 
scribed in box 1-3. 

OTA finds the lack of attention to teachers and 
technologies ironic, for at the center of effective 
use of instructional technologies are those who 
oversee the daily activities of the classroom — the 
teachers. To use new technologies well, teachers 



' See. e.g.. U.S. Congress, Office of Technology A.ssessmeni, Elcctnmk Enterprises: Looking w the Future. OTA-TCT-600 (Washington, 
DC: U.S. Government Printing OtTicc, May 1994). 

^ J. Eckhouse, "Internet: Millions of Users Plug in to Hug Computer Network," in/i Fruncixco Chronicle. June I, 199.'!, pp. C-l, C-7. 
3 Matrix Information and Directory Services, Austin, TX, October 1994. 

" What Work Requires ofSehools: A SCANS Report for America 20(X). Sci rct;\r> \ Coniniissinn on Achieving Necessary Ski lis (Washington 
DC: U.S. Department of Labor, June 1991), p. 15. 

5 For this study, when the term technology is used, it refers to all forms of computers and their peripherals including hard disk drives, printers, 
CD-ROM, projection devices, anu networks offering teleconmiunicalions linkages. It also refer:, to a range of other new or more traditional 
technologies: telephones, video cameras, televisions and VCRs, fax machines, videodiscs, cable and other one- or two-way links, small devices 
like electronic calculators, personal digital assistants or other hand-held devices, or combinations of these and other new technologies. 

^ Ronald E. Anderson, "State Technology Activities Related to Teachers." contractor report prepared for the Office of Technology Assess- 
ment, U.S. Congress, Wa.shington, DC, Nov. 15, 1994. 

' U.S. Congress, Office of Technology Assessment, I'ower On.' New Tools for Teaching and Utirninf;. OTA-SnT-379 (Washington, DC: 
U.S. Government Printing Office, September I9SK): Linking fori. carnini;: A New Course for F.ilucution. OTA-SI:T4.10 (Washington, DC: 
U.S. Government Printing Office, November 19X9). 
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; BOX 1-1: Why This Study? ' 



In 1986, Congress asked the Office of Technology Assessment to study the use of computers in 
schools. In 1988, OTA reported its findings in Power On! New Tools for Teaching and Learning,'^ which 
described the promise of and barriers to using technology2 in K-12 education. At that time, there were 
about two million personal computers in American schools, a ratio of roughly one computer for every 30 
students. Most educational software was limited to drill-and-practice applications. A handful of small, spe- 
cial-purpose educational software publishers were scrambling to create a market for their products. 
Schools were focusing attention on teaching students "computer literacy" skills. Teacher training consisted 
of general computer awareness courses, and a few adventurous souls were learning to program in BASIC 
or LOGO, so they cculd design their own software applications. At that time, most teachers did not use 
computers as a significant part of their teaching— only half the K-12 teaching force reported using comput- 
ers in instruction. Few teachers had computers of their own at school or at home. Not surprisingly many 
teachers were less than impressed with this new wave of educational euphoria. 

Similarly, in 1989 when OTA released Unking for Learning: A New Course for Education,^ a followup 
report assessing how schools were using distance-learning technologies to link students and teachers with 
resources, activity was limited. At that time, states were beginning to invest in broadcast, microwave, satel- 
lite, cable, and computer-based systems, and the federal Star School Project had just funded its first round 
of projects. In subsequent work assessing technologies for testing" and adult literacy^ OTA reported on 
emerging opportunities presented by technology. 

In each of these reports to Congress OTA noted the critical role of teachers. To learn more about how 
schools and teachers use computers and other technologies and what this means for future policies, in the 
summer of 1993 Congress requested OTA to revisit the issue of teachers and technology in K-1 2 schools in 
depth. 

Requesters, and their affiliations during the 103d Congress are as follows; 

U.S. Senate U.S. House of Representatives 

Committee on Labor and Human Resources Committee on Education and Labor^ 

Edward M. Kennedy Chairman^ William D. Ford, Chairman^ 

Committee on Appropriations William F Goodling, Ranking Minority Member^ 

Thad Cochran, Member Subcommittee on Elementary, Secondary, and 

Vocational Education^o 
Dale E. Kildee, Chairman^^ 



' U.S. Congress. Olficeof Technology Assessment. Power On.' New Tools tor Teaching and Learning. OTA-SET-379 (Washington. 
DC- U S. Government Printing Office. September 1988) 

2 The mainfocus o( that report wasthe personal computer, whether as a stand-alone unit, connected to a local area network, or as 
part of a more comprehensive integrated learning system. 

3ijnWngto)-team/ng.ANewCoursefo)-ec/ucaf/on,OTA-SET-430 (Washington. DC US Government Printing Office. November 

1989). 

<Tesfffig/nAnencanSc/?oo/s AsWngmefl/gnfQuesf/ons.OTA-SET519(Washington.DC U.S.GovernmentPrintingOffice.Feb- 
ruary 1992) 

^AdultUteracyandNewTechnologies: ToolslorAUIetime. OTA-SET-550 (Washington. DC U S Government Printing Office. July 
1993). 

6 Now Ranking Minority Member 

' Now the House Committee on Economic and Educational Opportunities 

8 Now retired 

9 Now Chairman. House Committee on Economic and Educational Opportunities 

10 Now the House Subcommittee on Early Childhood. Youth, and Families 
' ' Now Ranking Minority Member 

(continued) 
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BOX I^iGonrd;)-; Wh^.This-Study?- ••■ 



The requesters asked OIA to look at several issues. Do teachers use technology in their teaching? 
Why? What happens when they do? Why don't more teachers use technology? How do teachers learn 
about technology? Are prospective teachers being prepared to use technology before entering the class- 
room? Which factors influence implementation of technology across schools and districts? What roles do 
schools, districts, states, and the federal government play in helping teachers adjust to the challenges and 
opportunities presented by new technologies? This report describes the results of OTA's research into all of 
ihese questions. 

The issue of teachers and technology is of continuing relevance to the 104th Congress. Two major 
pieces of legislation passed in the 103d Congress have provided authorization for a number of initiatives 
related to technology. The decisions made by the 104th Congress will shape the direction of these initia- 
tives. The Goals 2000: Educate America Act encourages states to undertake ambitious school reform ef- 
forts and funds statewide plans for using technology to achieve these reforms. The Improving America's 
Schools Act, in a revised Title III of the Elementary and Secondary Education Act (ESEA), contains the 
most comprehensive legislation for educational technology ever passed by Congress and places a greater 
emphasis on teacher professional development in several other federal programs. These two laws have the 
potential to bring more coherent and consistent leadership to the federal role in technology and teacher 
development, but whether this occurs will depend on how the programs are funded and implemented. This 
report contains discussion of issues and policy options relevant to implementation. 

In addition to funding decisions about current education programs, the 104th Congress faces other is- 
sues affecting education technology most notably legislation to update the Communications Act of 1934. 
The availability and affordability of telecommunications technologies for schools are two of the most impor- 
tant issues affecting the future of educational technology. 



not only need access to them, but they also need 
opportunities to discover what the technolo- 
gies can do, learn how to operate them, and ex- 
periment with ways to apply them. For teachers 
to make informed choices and wise uses of 
technology, they must be literate and comfortable 
with a range of educational technologies. 

However, the use of technology in teaching, 
like any other change to the status quo, should be 
considered in light of the unique characteristics of 
the teaching profession. Indeed, teaching has been 
called many things: an art, a science, a calling, a 
way of life. Throughout history, teachers have tak- 
en up the tools at hand to help them teach — wheth- 
er marking on clay with a stylus, or writing on a 
blackboard with chalk. As new technologies have 
emerged — photography, filmstrips, radio, televi- 
sion — teachers have used them to extend the range 
of what they could teach, illustrate ideas in differ- 
ent ways, bring new materials to students, and mo- 
tivate learners. 



The process of adopting new technologies has 
never been quick or effortless, however. Like all 
professionals, teachers have instructional meth- 
ods, teaching styles, and working procedures that 
have served well in the past and that often reflect 
how they themselves were prepared. And like 
other large institutions, schools have organiza- 
tional characteristics that make change difficult. 
Moreover, the unique culture of schools and 
changing public expectations for them create 
conditions substantially different from those of 
other workplaces. 

Although teachers want to enlist all available 
tools to help their students leam, as new technolo- 
gies have become more sophisticated, the transi- 
tion has become even harder, requiring more 
training before teachers can use them effectively. 
Teachers, like many in society, can find them- 
selves bewildered by the changing landscape of 
computer, video, and telecommunications tech- 
nologies. Many are made skeptical by predictions 



-IS 
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BOX 1-2: How Thts'study Was Conducted v .■ 



Although considerable research has been conducted since 1988 on student uses of technology, far less 
has been done on teacher uses, and consequently data on teacher issues are limited. As a starting point 
for this study OTA reviewed research on teachers and technology, including national surveys and studies, 
evaluations of federal technology-related programs, and research on state, district, and school technology 
efforts. 

During the course of this study OTA staff made site visits to schools of all grade levels across the coun- 
try (see appendix E), and had hundreds of conversations with teachers, researchers, and administrators— 
in classrooms, at meetings and conferences, and over the telephone and electronic mail. OTA also con- 
vened two focus groups of teachers and held a workshop about lessons from research projects on 
technology in schools. 

OTA also drew upon a range of other sources. Much of the background information for the study came 
from research contracted by OTA (see appendix F), including a series of in-depth interviews with average 
teachers regarding their experiences with technology,'' a survey of faculty and recent graduates of col- 
leges of education regarding technology use in preservice teacher education,^ a research review of tele- 
communications networks,^ and a reviev,' of past and current federal programs and support for teacher 
development and technology." A series of OTA-contracted case studies looked at exemplary approaches 
to training teachers about technology use at the preservice and inservice level. ^ OTA contracted for two 
other research reviews; an analysis of trend data from several surveys about school acquisition and use of 
new technologies,^ and a review of state policies related to technology in K-1 2 education.^ 

Some of these research strategies yielded statistical data. Others produced information that was mostly 
descriptive or anecdotal on such issues as teachers' perceptions of the role of technology in their teaching 
and the factors that encourage or Inhibit their technology use. By combining quantitative and qualitative 
information, OTA has tried to present a multifaceted picture of teacher experiences with technology 

As with all OTA reports, the project was guided by an advisory panel made up of experts and stake- 
holders in the field; teachers, principals, and district, state, and school board personnel; college of educa- 
tion faculty; representatives of teacher unions and professional organizations; hardware, software, and 
business representatives; and telecommunications and media experts. The advisory panel met twice, at 
the beginning of and near the end of the research phase of the project, and helped define the research 
qucstioris and interpret the information. In addition, dozens of individuals reviewed drafts of and contrib- 
uted to this study (see appendix D). Although every panel member and reviewer may not agree with all the 
findings or policy options In this report, the panel's and other reviewers' guidance and direction were criti- 
cal in shaping its final form. 



' Melinda Griffith. 'Technology in Schools Hearing from IheTeachers." Office of Technology Assessment, contractor report. Octo- 
ber 1993. 

2 Jerry Willis et al.. "Information Technologies tn Teacher Education Survey of the Current Status," Office of Technology Assess- 
ment, contractor report. March 1994. 

3 TERC. "Review of Research on Teachers and Telecommunications, " Office of Technology Assessment, contractor report. May 
1994 

Nancy Kober. "Teachers andTechnoIogy:TheFederal Role. "Officeof Technology Assessment, contractor report. May 25. 1994 
John R. Mergendoller et al . "Case Studies of Exemplary Approaches to TramrngTeachers to UseTeohnology " Office of Technol- 
ogy Assessment, contractor report. May 1994 

6 Henry J Becl<er. "Analysis and Trends of School Useof New Technologies. " Office of Technology Assessment, contractor report. 
March 1994 

' Ronald E Anderson. "State Technology Activities Related to Teachers." OHice of Technology Assessment, contractor report. 
Nov 15. 1994 
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promising tiial new technologies will reform 
education and ciiange sciioois as we know tiiem. 

Making the connection between technology 
and teachers — helping the 2.8 million teachers 
in public and private kindergarten-through- 
twelfth-grade (K-12) schools effectively incor- 
porate technology into the teaching and 
learning process — is one of the most important 
steps the nation can take to make the most of 
past and continuing investments in education- 
al technology. It is central to the ultimate goal fos- 
tered by these investments: not just helping 
students become competent users of technology, 
but helping them become more accomplished 
learners overall. 

This report seeks to underscore the connection' 
between teachers and effective implementation of 
technology in schools. 

TEACHING AND TECHNOLOGY: 
THE POTENTIAL 

"You wouldn't want a doctor to remove your 
gall bladder without the latest technology and 
the skill to use that technology, would you? It's 
the same with teaching. [Teachers need tools, 
skills]. . .it's a profession." 

Rusty Sweeny, algebra teacher, Piscataquis 
Community High School, Guilford, ME 

OTA has seen the promise of technology come 
to light in school districts throughout the country, 
where many teachers are using technology to 
teach their students. Some have found it to be a 
catalyst to support school reform, stimulate nev*' 
teaching methods, and even redefine the role of 
teachers. But it is not only in the realm of direct 
student contact that technology has benefited 
these teachers. Many other aspects of a teacher's 
job — preparing materials, developing lessons, as- 
sessing student progress, enlisting parent partici- 
pation, keeping up with advances in pedagogy and 
content, and participating in the professional com- 
munity — can be accomplished with technology, 
often more easily and efficiently. When teachers 



discover ways that technology can strengthen 
their teaching, help them carry out administrative 
tasks, and enrich their professional growth, 
technology starts to make sense to them. It can be a 
resource for improving the preparation of new 
teachers as well. However, there are also many 
teachers who have not seen this potential, teachers 
whose use of technology is marginal, limited, and 
unenthusiastic. The stories and experiences of 
both these groups suggest lessons for policymak- 
ers. Table 1-1 summarizes the potential that 
technology offers to schools and teachers. 

I Improving Teaching with Technology 

OTA has found many examples throughout the na- 
tion of how technology can help teachers with all 
parts of their jobs. First and foremost, teachers 
want to ensure that their students are learning. If 
technology can be a resource to enhance student 
achievement and interest in learning, teachers are 
more likely to invest the time and energy to learn 
to use it in their teaching. However, the relation- 
ship between technology and student learning is 
too often framed as a seemingly simple question: 
is teaching with computers and other technologies 
better than teaching without them? Clearly, com- 
puters "cannot change leaden instruction into 
gold."^ and there remain numerous questions 
about how, when, and how well alternative 
technologies contribute to student learning and 
achievement. Issues related to measuring the im- 
pact of various approaches to teaching, including 
the use of new technologies on student learning 
are complicated and beyond the scope of this 
study (see box i-4). This report's analysis of the 
potential of technologies for improving teaching 
and learning focuses on two aspects of the teach- 
ing-learning continuum: teachers' perceptions of 
how new technologies help them improve their 
instruction and how they see their classrooms 
changing as a result. 

Many technology-using teachers find that 
technology can help them improve student icarn- 



James Bosci), Western Mielilgan University, personal toniniiiiiieation. Aujiust {'•)'■)}. 
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■ BOX 1 -3: Technologies in U.S. Schools: Definitions and Availability 



What are the technologies available in U.S. schools today and how are they used? Following is a brief 
outline of some technologies found in schools and the potential impact of those technologies on teachers 
and students. 

Computers 

A computer is a programmable, electronic machine that can store, retrieve, and process data. Desktop 
computers are sometimes called microcomputers because they have a single integrated circuit known as a 
microprocessor. 

During the last three years, the total ni ' ler of computers in schools has risen by about 18 percent 
annually and, based on those projections, there will be an estimated 5.8 million computers in U.S. schools 
by spring 1995. That translates to approximately one computer for every nine students. There is enormous 
variability in student-computer ratios (computer density) from school to school and across states. The 
greatest disparities are found between small schools (enrollments of 300 or less) and large schools (enroll- 
ments of 1 ,000 or more); schools with fewer students tend to have more computers per student. 

Still, sheer numbers of computers do not indicate real access or use. For example, although 35 percent 
of all U.S. public schools have access to the Internet, only 3 percent of instructional rooms (classrooms, 
labs, and media centers) are connected. Mariy factors dictate technology use, but the age and power of 
the technology seems to be a prevalent influence in K-12 schools. As of 1992, one-half of the computers 
used for K-12 instruction in the United States were older, less-powerful Apple 11 models, yet most software 
and applications currently being developed today cannot run on these machines. 

Two-Way Communications 

Two-way communications that allow teachers and students to share and receive ideas with others out- 
side their immediate classroom are an important aspect of telecommunications networking. For basic two- 
way comniunications, telephones and modems are staple equipment. Currently, though, only one teacher 
in eight has a telephone in the classroom that can be used for outside calls. In addition, less than 1 percent 
of teachers with telephones have access to voice mail, which is a useful tool to leave or retrieve messages 
when parents, administrators, or other teachers are hard to reach during the school day 

Amodem is a device that allows computers to comnnunicate electronically across telephone lines by con- 
verting digital computer signals into analog format for transmission. In recent years, schools have begun 
installing more modems for teacher use: in 1 989 one-fourth of U.S. schools had a modem that could be used 
by teachers or students, and by 1992 the figure had grown to 38 percent of all schools, although more high 
schools (60 percent) had modems than middle schools (35 percent) or elementary schools (33 percent). 

Telecommunications Networking 

Telecommunications networking includes the Internet and other means of accessing shared commu- 
nications systems that support digital communications among connected computers. 

Local area networks (LANs) link computers and peripherals (e.g, printers) within a limited area, often a 
classroom or building. Wide area networks (WANs) connect computers over greater distances, such as 
building to building, city to city, and so on. Overall, 75 percent of public schools have computers with 
some networking capabilities— either LAN or WAN access— and of those schools, 40 percent report that 
machines with these capabilities are located in classrooms:^ 71 percent say they are located in administra- 



' Many schools responding to the survey reported access in more than one location U S. Department of Education . Advanced 
Telecontmunicatiorts in U S Public Scrtoo/s. K- (2 (Washington, DC U S Department ol education. OERI. February 1 995). NCES 
95-731 

(continued) 
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BOX 1-3 (cont'd.):-Technoiogies in U.S'. Schools: Definitions and Availability. • 



tive offices; 62 percent, in library/media centers; and only 15 percent in teacher workrooms. Electronic 
mail (e-mail) is the most common use of telecommunications reported by teachers who are accom- 
plished telecommunications users. ^ 

The Internet 

The Internet is an international collection of interconnected electronic networks and a set of protocols for 
communication between computers on these networks. The protocols also include a large and growing list 
of services that can be provided or accessed over the Internet. 

Of the schools reporting networking capabilities, 49 percent have WANs; 35 percent of those have ac- 
cess to the internet, and 1 4 percent have access to other types of wide area networks, such as America 
Online, CompuServe, or Prodigy Of those with Internet access, on average, only 3 percent of schools have 
access in instructional rooms (classrooms, library/media centers, computer labs). This means students 
and teachers typically do not have access to Internet services. 

Television/Video 

Nearly every school in the country has at least one television set for instructional use. Video is the most 
common technology used for instruction in schools, from sources such as direct broadcast and cable tele- 
vision and satellite (distance learning). As of 1991, the typical school had seven television sets and six 
videocassette recorders, which teachers typically use to record and show students commercially broad- 
cast educational programs. While the use of more interactive video resources, such as camcorders, video- 
discs, and CD-ROM Is growing, these are not used with as much frequency in schools. 

Broadcast television (national networks, such as NBC, CBS, ABC) is received by 70 percent of all pub- 
lic schools (61 percent of schools receive PBS). Eighty-three percent of those schools report that broad- 
cast access is available in classrooms, and 84 percent report access in the library/media center. 

Cable television (subscription television, such as CNN, the Discovery Channel, The Learning Channel) 
is available in 74 percent of all public schools, and 70 percent of those schools say access is available in 
classrooms, while 85 percent report access in library/media centers. 

Closed-circuit television (neither broadcast nor cable, but in-house transmission on noncommercial 
lines) is only available in 25 percent of schools, but 94 percent of those schools say classrooms have ac- 
cess, and 89 percent report access to closed circuit TV in library/media centers. 



2 Margaret Honey and Andres Henriquez. Telecommunicationsand K-1 2 Educators: Findings From A National Sun/eyWevtYork-. 
Center for Technology in Education. Bank Street College ot Education. 1993). 

SOURCE Office of Tecfinology Assessment. 1 995. based on Henry J. Becker. "Analysis and Trends in Scfiool Use of New Tecfinolo- 
gies,"OfficeofTecfinologycontraclor report, N/larcfi 1994, also. Advanced re/ecommun/ca(/ons/n U.S PublicSchoots.K-12. National 
Center for Education Statistics NCES95-731 (Wasfiinglon. DC: U S. Department ol Education. OERI. February 1 995). see alsocfiap- 
ter 3 of tfiis report 



ing and motivation, address students with differ- 
ent learning styles or special needs, expose 
students to a wider world of information and ex- 
perts, and implement new teaching techniques. 
There are many examples of how technology has 
enhanced teaching: 



■ Students engaged in a group problem-solving 
project based on a software or video simulation 
are learning to work as a team, develop exper- 
tise in specific areas, become more confident 
learners, and weigh the merits of several pos- 
sible solutions. 
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■ Teachers involved in an international telecom- 
munications project find their students acquir- 
ing a new interest in geography, and bonding 
with students across the globe or in the different 
world that exists even on the other side of town. 

■ With graphing software, students appear to de- 
velop a deeper understanding of mathematical 
concepts for which they had learned the formu- 
las but had not applied consistently. 

■ Special education students, mainstreamed into 
regular classrooms, work on a more equal basis 
with their classmates when a computer speaks 
for them, gives them big print, or adjusts to 
their difficulties. 

■ Students who were on the verge of dropping out 
take a new interest in school when, as part of a 
class project, they interview other students 
with camcorders and create daily news shows. 

■ Using CD-ROM, students research a multUiie- 
dia term paper, evaluating resources from print, 
video, and audio media. 

■ After the teacher downloads satellite pictures 
of daily weather patterns, students use a net- 
work to compare their weather data with weath- 
er data reported by students around the country, 
analyzing trends and predicting likely condi- 
tions. 

■ A scientist working on cancer research can 
come online and advise a student setting up a 
science project on molecular biology. 

These kinds of experiences, while far from the 
norm in schools today, can and do occur in class- 
rooms with access to technology and a teacher 
who can skillfully guide its use. In most of the 
above examples, teachers find that their students 
are doing more than learning generic technology 
skills or subject-specific technology applications. 
Rather, they see them developing the kinds of 
skills and competencies that numerous reform 




Teachers find that using technology can encourage students 
to fake more responsibility for their learning, to learn to work 
cooperatively, and gain experience in acquiring, evaluating, 
and using information in various forms. 



panels have encouraged as essential for all high 
school graduates — problem-solving skills: broad- 
er scientific literacy and mathematical under- 
standing; strong communication skills; personal 
responsibility, integrity, and initiative; and skills 
and competencies for the workplace. These work- 
place competencies include working with re- 
sources, acquiring and evaluating information, 
working with others in groups or teams, under- 
standing complex relationships and systems, and 
using a range of changing technologies.^ Al- 
though these skills can be developed without 
technology, technological tools can help teachers 
structure, organize, or enhance the activities that 
facilitate the development of these skills. 

Accomplished technology-using teachers indi- 
cate that using computer;^ has changed their teach- 



See. e.g.. Secretary's Commission on Achieving Necessary Skills, op. cit. fo(..,i()lc 4; Anthony PatritV; Carnevale. Aim rica ami the New 
Economy (Washington, DC: American S(X'icty for Training and Development. I ^4 1 ); nd William B. Johnston and Arnold H. Packer, Work- 
force 2(m (Indianapolis. IN: Hudson Institute. June 1987). 
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TABLE 1-1: Teaching and Technology: The Potential 



Changing teaching and learning 




Resources for teaching abstract concepts, complex systems, problem 
solving— and basic skills 

Resources for group work and collaborative inquiry 
Adaptable to various student learning styles and special needs 
Teachers report they : 
— Expect more of students 

—Are more comfortable with students working independently 

— Present more complex materials 

— Tailor instruction more to individual needs 

—Adopt new roles, more "guide on the side" than "sage on the stage" 
— Spend less time lecturing, so classrooms are more student-centered 



Assisting with c^liy tasks 




Preparing lesson plans 

Online databases, CD-ROMs, videodiscs, and other electronic sources 
help teachers create, customize, and update lessons. 
Tracking student progress 

Gradebook programs and databases to update student profiles and 

maintain records. 

Communicating 

Telephone, voice mail, e-mail to contact parents, other teachers, or 
administrators to plan meetings, discuss student and administrative 
concerns. 



Enhancing professional development 




Preparing new teachers 




■ "Just-in-time " training and support 

Satellite, video, cable, or computer access to new ideas, master teachers, 
and other experts for training and followup. 
" Formal courses and advanced degrees 
Distance learning technologies for courses not available locally 

■ Informal educational opportunities 

Online contact with teacher colleagues and other experts. 



Models of effective teaching 

Video can take prospective teachers into classrooms to watch effective 
teachers in action. 

Computer and video simulations and case studies 
Give prospective teachers practice solving teaching challenges in a non- 
threatening environment. 
Electronic networks 

Minimize isolation during field experiences, provide support and interac- 
tion with college faculty or mentors. 



SOURCE Office ol Tecbnology Assessment. 1995 
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ing.'" Among the changes teachers reported were 
that they expected more of students, became more 
comfortable with students working independent- 
ly, presented more complex material, tailored 
instruction more to individual needs, and spent 
less time lecturing and more time overseeing 
small groups or working one-on-one with stu- 
dents (see chapter 2, box 2-1 ). Some teachers sug- 
gest that using technology has meant they are 
transforming the educational process — their cur- 
riculum and classroom organization. These teach- 
ers report that, ultimately, they see a change in 
their roles as they become more like coaches, en- 
couraging, guiding, and facilitating student learn- 
ing, and students assume more initiative and 
responsibility for their own learning. While not all 
teachers want to make this transition from "sage 
on the stage to guide on the side," many find it ex- 
hilarating. 

I Assisting with Daily Tasks of Teaching 

Teachers perform a wide variety of duties in addi- 
tion to being instructional leaders, including pre- 
paring lesson plans and instructional materials, 
keeping and transmitting records of student prog- 
ress, attending school meetings, meeting with par- 
ents, and staying abreast of the profession. Yet 
schools rarely consider the role of technology in 
assisting teachers with the many parts of the job 
that go on when the students are not present. And 
few schools have contemplated how teachers 
could use their time differently or how teaching 
personnel could be assigned more flexibly (e.g., 
teachers working with small groups of students 
for some parts of the day, large groups at other 
points) ir teachers were freed from mundane tasks 
that technology could handle. ' ' 

Technology can assist teachers with daily acti- 
vities in many ways: 



■ With electronic gradebook software, teachers 
can keep and more easily update running grad- 
ing histories and profiles for every student and 
counsel them about problems as soon as they 
occur. 

■ Teachers can videotape student presentations to 
evaluate and maintain records of student per- 
formance as a part of assessment activities. 

■ By accessing an electronic database, a teacher 
can quickly locate a host of current materials 
relevant to next week's science lesson. 

■ A teacher can retrieve a voice mail message, at 
a convenient time, about a change in the time 
of a parent conference. 

■ Teachers can plan meetings with other teachers 
online and save time in coordinating multiple 
schedules. 

OTA has observed that, as teachers develop ex- 
pertise in these administrative applications, confi- 
dence grows, encouraging them to try additional 
applications to meet instructional and profession- 
al development goals. 

I Enhancing Professional Development 
for Today's Teachers 

Teachers are learners too. They take courses, 
workshops, and other forms of training to fulfill 
recertification requirements, learn new instruc- 
tional methods, or keep up with changes in their 
specialties. However, the current approach — typi- 
cally a short inservice course on a specific topic in 
which a large group of teachers are gathered in one 
place for an "injection" of training — is limited and 
often disliked by teachers, administrators, and 
parents alike. For example, a school district may 
gather elementary school teachers from across the 
district to spend a morning learning about a new 
strategy for teaching reading. This "one -size-fits- 
all" model of training is rarely used in other pro- 



Karen Shcingold ami Martha Ihdlcy.Acaimiilishctl Teachers: Inlcuralini; Computers into Classroom I'raclicc (New York. NY; Center 
for Te' hnology in liducatiun. Bank Street College of Uducation. September l')90). 

' ' See. e.g.. Margaret Kiel. "'The 1-utiire ol'Teaching,"' eontrai'lor report prepared for the Oltlie ol'Tei linology Assessment. U.S. Congress. 
Washington. DC, Jan. 12. I'm. 



14 1 Teachers and Technology: Making the Connection 



BOX 14: What Difference Does EducalionalTeclinGlogy Make? 



When a technology is introduced in education, many people want to compare its effectiveness with that 
of existing methods of instruction. In the 1960s and 1970s, a number of studies compared learning via 
radio and television with learning via classroom lectures or textbooks. More recently many studies have 
been conducted comparing computer-assisted instruction with more traditional methods of instruction. 
These studies have consistently demonstrated that computer-assisted instruction technologies are either 
equivalent or superior to conventional instruction. ^ Meta-analyses, which examine the results of many stud- 
ies and aggregate their combined effects, show effects that range from .26 to .66 standard deviations, 
which represent a sizable improvement on many achievement measures as well as positive attitudinal ef- 
fects.^ Small, but growing, numbers of studies have begun to examine effects of newer technologies such 
as videodisc or telecommunications netv/orks. 

Several factors belie simplistic approaches to the important but complex question of effectiveness. 
These issues include: 

■ Conceptual factors— are researchers, parents, teachers, and policymakers asking the right 
questions and interpreting available research correctly? 

■ Methodological factors— \s the research designed well enough to answer questions of effective- 
ness? and 

. Timaliness factors— WiXh rapid advances in technology, including rapid obsolescence of yester- 
day's "new" technologies, do the research results tell interested parties what they need to know 
today to plan tomorrow's classroom uses of technologies? 

Conceptual Issues. In general, many available studies of the effectiveness of educational technologies 
can be thought of as "horse race" studies because, when interpreted too simplistically, they are expected 
to provide evidence that one technology can "beat" another by showing that students "learn more" when it 
is used.3 This approach can be misleading.'' Whenever a new educational treatment is tried its effects are 
not just attributable to the technology (e.g., computer, video, books) but also to the particular content (e.g., 
subject matter, targeted skills) and pedagogical approach(e.g., software, teaching materials, teachers, and 
classroom environment). The type of learner (e.g., age, previous achievement, special needs) also in- 
fluences the effects of these other variables on learning. In other words, it is not the effects of the technolo- 
gy by itself that are analyzed in these studies, but the aggregated effects of how the technology is being 
used in the classroom context. Available and future research should be interpreted with an eye to these 
factors, which can attenuate or enhance the effects of particular technologies. 



' See. eg .C Kulikand J A. Kulik. -ElfectivenessolConnputer-Based Instruction An Updated Analysis,' Compu(e/-S(,-/ Human 
Behavior, vol. 7. pp 75-94. John Pisapia and Stephen M Perlman. "Learning Technologies in the Classroom A Study ol Results' 
(Richmond. VA Metropolitan Educational Research Consortium. Dec. 1 992); Alice Ryan. "Meta-analysis of Achievement Effects ol 
Microcomputer Applications in Elementary Schools." Educational Administration Quarterly, vol 27. No. 2. May 1991 . pp 161 -184. 
Interactive Educational Systems Design. Inc . Report on the Effectiveness of Technology in Schools. 1990-1994 (Washington. DC 
Software Publishers Association, n d.). 

2 Mark W. Lipsey and David B. Wilson. "The Efficacy ol Psychological. Educational, and Behavioral Treatment Confirr Mionfrom 
Meta-unalysis,"AmencanPsycho;og/s(. December 1993. Effectsize(ES)isameasureof the difference belv^een a control group that 
did not use the technology and the treatment group that did. ES is expressed in standard deviation units "An ES of 17 is quite small 
and unimportant, whereas an ES of 33 is modest but important To interpret the numbers more easily they can be converted to per- 
centiles Fur example, an effect size of 33 means that the treatment group would be at the 63rd percentile compared with the control 
group at the 50lh percentile " (J Johnston. Electronic Learning. 1987, p 50 ) 

3 Barbara Means et at . Using Technology to Support Education Reform (Washington DC U S Government Printing Office. Sep- 
tember 1993). p 73 

Means etal. op cil .footnote 3. Ann D Thompson. Michael R Simonson. and Constance P Haigiave. Educational Technology A 
Rev.'fvv 0/ Hie Rf'M'th (Wyshmyton. DC Association for educational Communicalion'j iinJ Technology 1 992) 
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BOX 1-4 (cont'd.): Wti^t Difference Does Educational Technology Make?-^ 



Methodological Issues. It is important to note tliat tliere are several basic factors frustrating researcli- 
ers, teachers, and policymakers looking for simple yes or no answers about technology's effectiveness. 
One is the overall context of real world educational research. As one researcher noted, "Schools are messy 
and noisy environments for research, far from the pristine, controlled setting available in the research labo- 
ratory, the model on which most quantitative evaluation studies are based. Comparable comparison 
groups are scarce; interventions with technology are usually a part of broader interventions that also influ- 
ence outcomes; and different treatments for experimental and control groups run coL- .ar to a teacher's 
impulse to treat all students equitably. 

A second major flaw in the existing research is the lack of good outcome measures for assessing the 
impact of technology-based innovations. Most of the research to date relies on existing measures of stu- 
dent achievement (e.g., standardized achievement tests). Although there are many promising efforts to 
broaden the kinds of indicators that can be used to assess student achievement, these are not yet in wide- 
spread use.^ New achievement measures would assess areas that many believe can be particularly af- 
fected by using new technologies (e.g., higher-order thinking). Also key however, is the need to include 
outcomes that go beyond student achievement, because student achievement may be affected by stu- 
dents' attitudes about themselves, school, and learning, and by the types of interactions that go on in 
schools. For example, some research has documented the positive effects of computer-assisted instruction 
on students attitudes about school and learning.'' Also promising is recent research that suggests that 
lechnology-based innovations can affect student self-concept as well as interactions between students and 
teachers in the classroom environment.^ Technological changes are likely to be nonlinear, and technologi- 
cal changes may show their impacts not only on student learning, but also on the curricula, the nature of 
instruction,^ the culture of schools, and the fundamental ways teachers do their jobs. 

Timeliness. The rapid pace and the potentially high cost of some technological changes^'' create a 
dilemma for the typically slower pace of careful research. Policymakers— and taxpayers— faced with de- 
ciding whether to invest millions of dollars in an information infrastructure typically want to know whether 
their investment will be worth the increased financial burden (assuming technology does not replace exist- 
ing methods). For example, they will want to know whether what Is on the "information superhighway" will 
really help their children achieve, whether putting a telephone on every teacher's desk will really improve 
parent-teacher communication, or whether investing in new personnel to provide "just-in-time" support for 
technology-using teachers will enhance the instructional capabilities of existing technology investments. 
Equally reasonable seem the frustrations of those who have experienced the promise of particular educa- 
tional technologies in small experimental programs (e.g.. downloading real-time information on weather 
data from satellites for science lessons). By the time the external evidence has been compiled, "proving" 
that technology integration works and districts are ready to commit to purchases of the appropriate hard- 
ware and software, the technology that has been researched may be obsolete and a golden opportunity to 
use It for current students will have been lost. 



^ Joan O Herman. -Evaluating the Effects of Tectinology in Sctiool Reform," Technology and Education Reform Tha Reality Be- 
hind the Promise. Barbara Means (ed ) (San Francisco. CA. Jossey-Bass Publishers. 1994). p 145 

''See Testing in American Schools Ashr^g the Right Questions. OTA-SET-51 9 (Washington DC U S Government Printing Office. 
Peb.jary 1992) 

' Thompson et al . op cit . footnote 4 

8j Sivin-Kachalaanr) Ellon R Bialo Repnrt on the Effectiveness ol Technology in Schools ;990-/994 (Washington. DC Software 
Piibli'jhprs Association, ii d ) 

Jerome Johnston. Electronic Learning From Audiotape to Videod'sc (Hillsdale. NJ Lawrence Eribaum. 1987) 

'^Mhocosts of educational technologies are not known with certainty What is known is that they will varyconsiderably depending 
nn an array of factors See section or. "Costs" later in this chapter 

(continued) 
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BOX 14 (cont'd..): What Difference Does Educational Technology Make? 



Directions for the Future. Although there are some promising studies, more research on the broad 
variety of educational effects of technology is needed. A more fruitful research approach than merely ask- 
ing whether a particular technology works is to ask about the "value added" to instruction when technology 
is present in schools; in other words, when, why, and how do technologies improve teaching, professional 
development, and, ultimately, learning for children? Increasingly researchers are concentrating their efforts 
on this type of more contextualized research— studying how complex-technology-based innovations "work" 
in real classroom settings over time. Such research can help to determine how technology environments 
can best be designed to support student learning and what approaches to Instruction work best In con- 
junction with various types of technologies for what kinds of subject matter. The role of the teacher in imple- 
menting and facilitating student learning in such environments is an important focus of such studies. 
Additional research models are needed to deepen understanding about which instructional uses of technol- 
ogy are most effective and under what circumstances, and how teacher interactions with technology play 
into this effectiveness. By taking a more contextualized approach, research can help schools, parents, 
teachers, and policymakers understand the necessary steps to diffusing and continuously refining educa- 
tional technologies in the schools. 



" For examples ol this kind of research see A.L.. Brown. "Design Experiments- Theoretical and Methodological Challenges in 
Creating Complex interventions in Classroom Settings." Journal of the Learning Sciences, vol 2. No. 2, pp. 1 41 ■ 1 78, Cognition and 
TechnologyGroupat Vanderbilt. "The Jasper Experiment: An Exploration of Issues in Learningand Instructional Design, "£duca(/ona/ 
Technology Research and Developnient. vol 40, pp. 65-80, 1992. 

SOURCE: Office of Technology Assessment, 1995 



fessions, and, although it may he efficient for 
school districts, many suggest it is not the most ef- 
fective way to encourage teachers to learn new 
skills or teaching approaches. It appears to be a 
particularly ill-chosen method for encouraging 
teachers to use technology, where hands-on train- 
ing with the hardware and software, curriculum- 
specific applications, and followup support are all 
necessary. 

OTA has found examples of how technology 
can provide teachers with "just-in-time training 
and support" when and where they need assistance 
in many curricular areas. It can transcend the walls 
of isolation that separate teachers and extend for- 
mal and informal learning opportunities. The fol- 
lowing are some examples: 
■ Without leaving their school buildings, teach- 
ers from across the 90 school districts in 
sprawling Los Angeles County can participate 
in a satellite staff development course on topics 



such as how to apply the California history and 
social science framework in lessons in their 
classrooms. 

■ School counselors from across Wyoming meet 
regularly over a compressed video network to 
discuss student truancy and behavior problems. 

■ A special education professor at the University 
of Northern Iowa offers courses to teachers 
throughout the state over the Iowa Commu- 
nication Network. With this fiberoptic net- 
work, teachers at each site can see and heareach 
other as they develop skills for adding the certi- 
fication credits that will enable them to teach 
students with moderate, severe, and profound 
mental disabilities. 

■ Mathematics teachers use a computer network 
to discuss the mathematics teaching techniques 
they have observed through video presenta- 
tions in the Mathline project sponsored by the 
Public Broadcasting System. 
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■ Using cable television, teachers from remote 
locations around the country can take courses 
leading to a masters in educational technology 
degree from George Washington University in 
Washington, DC. 

In examples like these, technology can be the 
vehicle forproviding teachers access to new ideas, 
master teachers and other professionals beyond 
their school setting, in both formal and informal 
courses and enrichment activities. It can also pro- 
vide the support teachers need after a course ends, 
as they apply and refine in the classroom the les- 
sons and techniques they have learned. 

I Preparing New Teachers with 
Technology 

In colleges of education where technology is an 
integral part of the teacher education preservice 
program, technology has been used not just to 
train prospective teachers about technology, but 
also as a resource to enhance the overall teacher 
preparation experience. For example, live broad- 
casts, tapes, video networks, CD-ROMs or video- 
discs can provide teacher education students with 
case studies or models of effective teaching. Fur- 
thermore, technology — whether computer or vid- 
eo networks — can create closer connections 
among student teachers, college of education fac- 
ulty, and mentor teachers in K-12 classrooms, 
whether in lab schools or professional develop- 
ment schools closely allied with colleges of 
education, or in more traditional student place- 
ment activities. Electronic networks can provide a 
safety net for communication, sharing knowl- 
edge, and experience for student teachers in the 
field, as well as for new teachers launching their 
careers. The loneliness and anxiety common to 
teachers' first teaching experiences can be miti- 
gated through contact with professors and peers 
via electronic networks. The following are exam- 
ples of ways technologies have enriched preser- 
vice teacher education: 

■ Teacher education students at the University of 
South Carolina appreciate what students with 
language learning disabilities might experi- 




The use of technology in teacher preparation programs is 
limited, but it can enhance the overall preservice experience. 



ence when dealing with text by working with a 
software simulation called "The Language 
Mangier." Another simulation serves as a sur- 
rogate field observation, enabling prospective 
teachers to observe, critique, and discuss ways 
teachers handle students with special needs in 
a variety of settings. 

■ At the Peabody College of Education at Van- 
derbilt University, teacher education students 
review CD-ROM discs that contain video cases 
of mathematics teachers working with stu- 
dents. Teacher education students can each 
have copies of the inexpensive CD-ROM discs, 
play them on computers supplied with CD- 
ROM drives in dorms and on campus, and re- 
view teaching techniques individually or in a 
group. They add notes and observations on ac- 
companying software that serves as an elec- 
tronic notebook, which instructors then collect 
electronically for grading and return. 

■ All the schools in which the University of Vir- 
ginia's Curry School of Education preservice 
students spend their internships are linked to 
Virginia's Public Education Network, permit- 
ting the teaching intern, the supervising teach- 
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er, and the faculty at the Curry School to confer 
via the electronic network throughout the 
teaching internship. 

■ At the Price Lab School at the University of 
Northern Iowa, a fiberoptic network linking the 
college and the lab school enables teachers in 
any of the 48 classrooms at the lab school to 
ship video to teaching methods classes. Teach- 
er education students see lessons related to top- 
ics they are discussing in their courses and, 
with two-way video and audio, talk to the 
teacher after they see the lesson and hear the 
teacher's on-the-spot analysis of what worked 
and what was problematic in that lesson. Since 
most lab school faculty use technology in their 
classes, the teacher education students can see 
effective modeling of technology use via 
technology. 

■ University of Wyoming students conducting 
student teaching meet via a compressed video 
system with their supervising faculty member, 
collaborating teacher, and clinical supervisor as 
often as necessary to discuss problems and 
questions arising out of student teaching expe- 
riences. 

TEACHERS AND TECHNOLOGY: 
THE BARRIERS 

While promising, the above examples of what 
technology can do are far from the reality in 
many schools, in colleges of education, or in the 
daily teaching experience or professional de- 
velopment of the typical teacher. There are a 
number of common barriers to more widespread 
use of technology by teachers (see table 1-2): 

■ First, there is the question of access to appropri- 
ate technologies. The question of access is also 
tied to problems of costs. 

■ Although mo.st teachers .see the value of stu- 
dents learning about computers and other 
technologies, many teachers lack a clear under- 
standing about what resources technology can 
offer ihem as they try to meet their in.structional 
goals. 



■ As do most users of emerging technologies, 
many teachers encounter technical and logisti- 
cal problems they cannot solve themselves and 
often lack the training and support necessary to 
resolve the problems. 

■ Many feel the need for more knowledge — not 
just about how to run the machines — but about 
what software to use, how to integrate it into the 
curriculum, and how to organize classroom ac- 
tivities using technology. 

■ The current assessment system, if it relies 
heavily on standardized achievement tests, can 
also be a barrier to experimentation with new 
technologies because teachers are not sure 
whether the results they are seeking will be re- 
flected in improved student test scores. 

■ In addition, issues created by technology itself 
are also factors to be dealt with, including those 
related to copyright and intellectual property 
rights, privacy of student records, and control 
of student access to objectionable materials. 

I Access Issues 
Equipment 

One basic prerequisite for effective teacher use of 
technology is access. Schools have made substan- 
tial investments in hardware and software over the 
past several years, increasing their technology in- 
ventories (see box 1-3). OTA finds that, despite 
past investments in technology, many schools still 
lack the basic technology infrastructure to support 
the most promising applications of educational 
technology. About half the computers in U.S. 
schools are older, 8-bit machines that cannot sup- 
port CD-ROM-sized databases or network inte- 
grated systems or run complex software. This 
aging inventory limits the ability of many teachers 
to use some of the most exciting applications of 
computers — information gathering from net- 
worked databases or CD-ROM encyclopedias, 
desktop publishing, mathematics instruction us- 
ing analytic graphing and calculating software, 
and collaborating in joint projects over networks. 

Some schools do not always make the most of 
the equipment they already have, and some do not 
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TABLE 1-2: Teaching and Technology: Current Barriers 



Teacher time 




Access and costs 




Teachers need time to : 

■ Experiment with new technologies. 

■ Share experiences with other teachers. 

■ Plan and debug lessons using new methods that incor- 
porate technologies. 

■ Attend workshops or training sessions. 

In addition to limited hardware and software, other factors 
affect access: 

• Costs are high for purchasing, connecting, and training 
to use technologies. 

■ Technologies may not be located in or near the class- 
room. 

■ Hardware in schools today is old (50 percent of com- 
puters in schools are 8-bit machines) and cannot han- 
dle many newer applications. 

■ New or additional wiring or phone lines are necessary 
for telecommunications networks. 



Vision or rationaie for 
technology use 




Training and support 




Current assessment 
practices 




Schools must have plans, and teachers a clear under- 
standing of curricular uses of technology 
It is difficult to keep up with the rapid rate of technology 
development and changing messages of best use. 
Teachers lack models showing the value of technology 
for their own professional use. 

Overall, districts spend less than 15 percent of their 
technology budgets on training, but they spend 55 per- 
cent of the budget on hardware and 30 percent on 
software. 

Technology training today focuses primarily on the me- 
chanics of operating equipment, not on integrating 
technology into the curriculum or selecting appropriate 
software. 

Only 6 percent of elementary and 3 percent of second- 
ary schools have a full-time, school-level computer 
coordinator for technical support. 

Existing standardized measurements of student 
achievement may not reflect what has been learned 
with technology. 

Teachers are held immediately accountable for changes 
that take time to show results. 



SOURCE Olfice ol Technology Assessment, 1995 
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FIGURE 1-1: Requirements for. Effective 
Use of Technology 



Technology 
(suited to education 
\. gouls 





^. /'^R^service 
V training 




SOURCE: Office of Technology Assessment, adapted from Jane L. Da- 
vid, "Realizing the Promise of Technology: Policy Perspective" in Bar- 
bara Means (ed.), Technology and Education Reform (San Francisco: 
Jossey-Bass Publishers, Inc., 1994), pp. 169-189. 

always locate technology in the most accessible 
places. Most computers are still in labs rather than 
in classrooms, and modems may be located on a 
central computer in the principal's office, making 
it hard for teachers to use them during the course 
of a day. Thus, it is not surprising that computers 
are not used very often (about two hours per stu- 
dent per week, according to coordinators; less, ac- 
cording to the students). They are not used 
regularly in the teaching of academic subjects — 
only 9 percent of secondary school students re- 
ported using computers for English class, 6 to 7 
percent for a math class, and 3 percent for a social 
studies class. The most common uses of comput- 
ers are for basic skill practice at the elementary 
level and word processing and other computer- 
specific skills in middle and high schools. Other 
uses, such as desktop publishing, developing 
math or science reasoning Vv-ith computer simula- 
tions, gathering information from databases, or 
communicating by electronic mail (c-mail) art- 



much rarer. And, despite the growing interest in 
connecting schools with information resources 
like the Internet, most school districts with local 
area networks do not always configure them or use 
them for the most up-to-date applications. 

Furthermore, a majority of schools are ill- 
equipped to take advantage of the potential pres- 
ented by telecommunications networks. Fewer 
than one teacher in eight has a telephone in the 
classroom that can be used for outside calls. More- 
over, most schools lack the connectivity, adminis- 
trative and organizational support, and technical 
expertise needed to integrate networks into teach- 
ing and learning. 

OTA finds that it is necessary to consider a 
new definition of what constitutes "access" to 
technology by teachers and students. Counts of 
equipment, student-computer ratios, dollars spent 
and requirements, while important, alone are not 
sufficient to define meaningful access to technolo- 
gies. It is appropriate rather to consider infrastruc- 
ture in a broader sense: type of technology 
(including older but overlooked resources such as 
the telephone), age, capacity, connectivity, soft- 
ware, and services. Organizational arrangements 
— the placement and flexibility of technology — 
also affect the ease of use by teachers and students. 
For example, a cart of laptop computers that can 
be moved anywhere in a school may be used much 
more often than a computer lab far from th( class- 
room. An additional component of a new defini- 
tion of access includes the kinds of support 
teachers need to use the infrastructure effectively: 
exposure to innovative uses, flexible "just-in- 
time" training, and ongoing technical support and 
expert advice. 

If access to technology is an equity concern, 
then the definition should be expanded to encom- 
pass access to necessary information. Telecom- 
munications and networking technologies, in 
particular, may create incomparable opportunities 
for teachers and students to gain immediate access 
to information. Combined with hardware like CD- 
ROM players, the excitement and power of video 
can be combined with the information transmis- 
sion power of the computer and communication 
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capabilities of high speed networks. Connectivity 
is Hkely to become the major technology issue of 
the next several years. Major investments of time 
and other resources will be required to prepare 
schools to effectively access the information and 
electronic communities telecommunications can 
provide. 

Costs 

As new technologies, new opportunities for in- 
creased levels of connectivity, and educational 
applications emerge, those concerned with ex- 
panding the use of technology in schools and by 
teachers have turned their attention to the issue of 
cost. '2 The cost of any new initiative is always an 
issue for elementary and secondary education, 
which is funded almost exclusively by a combina- 
tion of state and local taxpayers. Some have sug- 
gested, however, that there be greater roles for the 
federal government, private businesses, or some 
combination to ensure that schools obtain new 
technologies. These .suggestions have stimulated 
the Congress to direct the U.S. Department of 
Education (ED) to estimate costs on a national ba- 
sis.'^ The ED estimate, to be developed by the 
Rand Corporation under contract to ED, was not 
available at the time this report was prepared. Pre- 
vious attempts at rough estimates, at the state and 
national levels, can be informative in illustrating 
the range of costs — and the range of uncertainty — 
involved. 

States vary greatly in their installed base of 
technology, their technology plans and goals, and 
the numbers of students served (see chapter 3. fig- 
ure 3-5). Consequently, states will require varying 
levels of funding to meet these goals. For all 
states, however, substantial commitments will be 
required. 




7776 costs of technology are a major hurdle for many schools. 



Table 1-3 estimates installation and operating 
costs of .selected telecommunications technolo- 
gies. The table is based on rough estimates by 
OTA of the costs of installing telephone lines in all 
U.S. classrooms, and by projections made by two 
economists''* based on various configurations for 
connecting schools, school districts, and'or class- 
rooms. Analysis of the estimates suggests that at 
the national level and depending on a variety of 
factors: 

• estimated one-time installation costs (includ- 
ing training) may range from $0.08 billion (for 
one personal computer plus modem per school, 
connected to the Internet through a .school-dis- 
trict-based file server) to $145 billion (to have 
one personal computer per student desktop, 
with full, ubiquitous connection to the Internet 
for a complete suite of text, audio, graphical 
and video applications); plus 

■ estimated annual operating costs for the config- 
urations described above (including annual 



Sec. c.p.. Kiissfll I. Kmlisiciii. ■■(■(iniii-tliii;; K12 ScliooK l<i llic N'll: A I'icliimiiary Assi-ssiikmu of Tccliiiolopy Models and Tlicir 
Associalcil Costs." a working paper (VVashiiiploii. IX": U.S. IX-parlmenlof Hducalion. Aiip. 4. m')4). Uolwn Cohen, "llic Cost of Nil Access to 
K-12 Schools; l^reliiiiiiiiirv Asscssiiiciits." paper provided by Robert I51au. director, Policy Analysis. Bell .South. Washington. DC, 1944. 

'■"Sec, e.p.i'iiblit Law I().V1X2, Title III. 

' ' Kothstciii and Cohen, op. eil.. looliioic 1 1. 



TABLE 1-3: Estimated Installation and Gperatfng Costs of .Sefected TeleGommunications- Technologies 



Examples of technology, training, support, Source of 

and Infrastructure configurations estimate 



Range of 
estimated 
one-time 
Installation and 
training costs 



Range of 
estimated 
annual 
operating 
costs 



Limits on capability 



Telephone in each public school classroom. OTAa 



One personal computer (PC) plus modem per Rothstein, 1994 
school, connected to a school-district-based file 
server, connected to the Internet, with minimal ini- 
tial teacher training, and $2-$10K per year for 
teacher support and $1-$5K per year for teacher 
training. 

An average of 60-100 PCs, modems, and a local Rothstein, 1994 
area network (LAN) using copper wire per school; 
district-based file server to remote locations, LAN, 
router to the Internet; initial teacher training of 5 to 
20 staff per school, and annual teacher support 
and training. 

One PC per classroom with additional dialup lines. Rothstein, 1994; 
Districts support file server to remote locations, Cohen, 1994 
LAN, and router to the Internet; with initial teacher 
training of 10-20 staff per school and annual teach- 
er support and training of 1-2 support staff per 
district, and $10-20K for training. Includes major 
retrofitting costs 



$123.00 mil.ti 
(low) - 
$220.00 mil. 
(high)c 

$80.00 mil. 
(low) - 
$390.00 mil. 
(high) 



$2.59 bil. (low)- 
$7.75 bil. (high) 



$5.38 bil. (low)- 
$13.26 bil. 
(high) 



$310.00 mil. 
(low)«* - 
$333.00 mil. 
(high)e 

$160.00 mil. 
(low) - 
$560.00 mil. 
(high) 



$1.37 bil. (low)- 
$3.38 bil. (high) 



Phone line could be used to connect to modem. 



Limited access by teachers and students; allows 
text-based applications only (e.g., e-mail, telnet, 
gopher). 



Supports only a few users at a time because it is 
limited by the number of phone lines going out of 
the school. 
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$1.30 bil. (low)- 
$3 84 bil (high) 



No real-time access to video or graphics. 



60 PCs per school plus LAN, file server with high- 
speed links, and router. District offices have LAN. 
file server to remote locations, and router; with ini- 
tial teacher training for 40-50 staff per school and 
annual teacher support and training of 3 support 
staff per district, plus annual training costs of 
$15-$35K. 

1 PC per desktop, plus school-based LAN, a larg- 
er file-server, and router to district office; each dis- 
trict has a file server to remote locations, LAN, a 
high-speed line to school; and a larger dialup sys- 
tem than in previous model; with initial teacher 
training for all teachers in all schools, and annual 
teacher support and training consisting of 4-5 sup- 
port staff per district; plus annual training costs of 
$16 5-$38 5K. Includes significant retrofitting 
costs. 

4 schools per district have PCs, LAN. file server/ 
router, each district has a file server LAN, a data 
line to wide area networks, and dialup lines; as- 
sumes initial training costs of $100K and annua! 
support and training costs of $133K total Includes 
costs of retrofitting school buildings. 



Rothstein, 1994 $11.75 bil. 

(low) - 
$27.53 bil. 
(high) 



Rothstein, 1994 



$65.80 bil. 
(low) - 
$145.62 bii. 
(high) 



Cohen, 1994 $35 76 bil. 



$1.85 bil. 
(low) - 
$4.94 bil. 
(high) 



$4.46 bil. - 
$11.28 bil. 



$5.49 bil. 



Base needed for connecting each public school to 
the Internet, allowing use of "limited" video, graph- 
ical and text-based network applications. 



Full connection to the Internet, supports full suite 
of text, audio, graphic and video applications. 
Would not support full-motion video. 



None: individual schools linked directly to a nation- 
al information infrastructure; circuit can accommo- 
date very wide array of services including full 
motion video. 



Figures do not reflect the laci that one-eighth ol classrooms now have phones, thus, these estimates may be too high 

O.ised on an estimate ol 83 389 public schools (Software Publishers Association. 1994). with an average ol 20 classrooms per school (Rothstein. 1994) 

Includes additional cnarges for labor and installation (optional) of $42 upfront ctiarge. plus $16 for 15 minutes (per classroom), for an additional cost of $96,731,240 

''C.iilcul.itod for regular (non-centrex) service as follows $16 77 per lino monttily charge • $1 45 per month message unit charge [©20 message units per month] - $18.22 X lOmonths in school year X 

t 668.000 cl.issrooms - $303,909,600 Figures may not total exactly due to rounding 

" f..ili.ul.i'eil lot (,1'Mlrex borvice as follows $18 2? por line monthly charge - $1 45 per month message unit charge 20 message units per month) - $19 95 X lOmonths in schoolyearX 1.668.0(30 
(.l.issroom;, $332,766,000- $291. 170.250 Figures may not total duo to rounding 

SOUfiCF Offic 0 of TfiChnology Assnssmont 1 995. based on Russell I Rothstein. 'Connecting K- 1 2 Schools to the Nil A Preliminary Assessment of Technofogy Models and Their Associated Costs." a 
,\.i!ki'K) p.iper (W.ishinrjtcjn DC US Dopartnient of education Aug 4.1094) Robert Cohen. "The Cost of Nil Access to K-12 Schools Preliminary Assessments." paper provided by Robert Blau. 
i.'i . i.-.r PiilK v A'lalysis Ri'i' South Washinrjton DC. 1994 
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Teachers working together can create a shared vision for 
technology use. 



training and support for teachers) may range 
from $0.16 billion to $11.28 billion. 

The range in the estimates in table 1-3 is strik- 
ing, and the estimates could easily be far from the 
mark. Furthermore, these estimates have not con- 
sidered costs of using additional technological 
configurations that offer potential, such as cellular 
telephones and wireless modems.'^ 

Key factors that appear to account for current 
differences in available estimates include: 

■ the configuration of technologies envisioned 
for the estimate (from a simple telephone line, 
to technologies that are on the cutting edge); 



■ the number of desktops, classrooms, school 
buildings, and school districts that are assumed 
to obtain access to the system; 

■ the amount of retrofitting required of school 
buildings (e.g., to install new wiring for tele- 
phone and cable lines or to provide additional 
electrical power, to deal with asbestos during 
required construction); and 

■ the amount of support and training required for 
the human resources — the teachers — to make 
best use of the new technologies. 

Clearly, different assumptions about these fac- 
tors — and development of new, perhaps less ex- 
pensive, technologies in the future — could greatly 
affect cost projections. In addition, at the local lev- 
el, prices for individual technologies may vary 
considerably, meaning that any one school, school 
district, or state could experience a considerably 
different level of costs than any other. 

I A Vision of Goals and Rationaie for 
Technoiogy Use 

There is also a gap between having technology 
and using it effectively. As described above, 
equipment is often placed in locations where it is 
inconvenient for regular classroom use. Further- 
more, schools and teachers have received conflict- 
ing advice over the years about the best ways to 
use their technology. As the technology has 
evolved, so has the prevailing wisdom on how 
teachers should use technologies in schools — 
from teaching programming, to encouraging indi- 
vidualized drill and practice, to building computer 
literacy, to participating in electronic communi- 
ties. Conventional thinking also has shifted about 
how to organize technology resources, from self- 
contained labs, to one computer per classroom for 
teacher demonstrations or single student tutorials, 
to a few computers per classroom on which stu- 



' '' Sec U.S. Congress. Office of Technology Assessment, study on wireless telecommunications, forthcoming. 

' Tlie policy issues and options section of this chapter provides examples of how different state policies (e.g., with respect to group purchas- 
ing, with respect to subsidies for telecommunications charges) can affect tlie costs actually incuncd at the local level. 
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dents can work in small groups, to one computer 
per student and on the teacher's desktop. It is 
small wonder that teachers have become con- 
fused, and administrators frustrated, with many 
educators unclear where they should be headed in 
directing technology use. 

I Support and Training 

Other barriers in many schools hamper more ef- 
fective use of technology by teachers. These in- 
clude lack of time, inconvenient scheduling, 
attitudinal barriers, and barriers of school orga- 
nization, curriculum, testing, and other policies. 

In general, teachers have little in the way of 
technology support or training available at their 
schools, although many teachers seek training on 
their own. Currently schools spend much more on 
hardware (55 percent) and software (30 percent) 
than they do on training (15 percent). Less than 
half of American schools report that an introduc- 
tory computer course is available for teachers 
through the district or a local college. 

Furthermore, the kind of training, not just 
availability, is important. Much of today's educa- 
tional technology training tends to focus on the 
mechanics of operating new machinery, with little 
about integrating technology into specific sub- 
jects, how to choose software, and how to or- 
ganize classes, e.g., to use four computer 
workstations or a single computer with a modem. 

Regular, onsite support for technology use is an 
even more daunting problem. Only 6 percent of 
elementary and 3 percent of secondary schools 
have full-time school-level computer coordina- 
tors; in nearly three-fifths of schools, no one had 
any portion of their workweek officially allocated 
to coordinating computer activities. Even in 
schools where someone is designated to spend at 
least half of his or her time as computer coordina- 
tor, very little of this time goes directly to training 
or helping teachers use computers. 



Probably the greatest barrier to technologj' 
use, however, is simply lack of teacher time — 

time to attend training or workshops, to experi- 
ment with machines and explore software, to talk 
to others teachers about what works and what 
doesn't, and to plan lessons using new materials or 
methods. The diverse jobs teachers are asked to do 
and roles they are asked to play also affect their 
ability to take on another challenge. Teachers are 
given very little compensated staff development 
time and there are multiple competing demands 
for this time. Unless there are significant changes 
to the rhythm of the school day or changed incen- 
tives for giving teachers more time to learn and ex- 
periment with new technologies, this barrier to 
technology use will remain immense. 

I Other Emerging issues 

As the possibilities for widespread information 
networks — and their use by •■■rhools, teachers, and 
students — emerge, other issues are coming to 
light that may affect the ability of teachers to use 
technologies for administrative, instructional, and 
professional development purposes. These issues 
include copyright and intellectual property issues, 
privacy of student records, and censorship of ob- 
jectionable materials versus protecting students' 
access to potentially valuable inf rmation. 

Copyright and Intellectual Property Issues 

Currently, one of the most widespread and prom- 
ising uses of telecommunications technology by 
teachers is the retrieval of information from re- 
mote sources, including networked information, 
collections of books, journals, music, images, da- 
tabases, software, and multimedia works — so- 
called digital libraries.'^ As students and teachers 
develop multimedia materials or projects, share 
them with colleagues, and store them in portfolios 
for student and teacher evaluation, use of copy- 
righted works in the classroom could grow dra- 



" Margaret Honey and Andres Henrique/., TvUrommimkuUnn and K-12 i:du<alor\: Fiiitliiit;s from a Nciiicmcil Survey (New York, NY: 
Center for Tcehnolopy in liducalion. Bank .Street College of I-ducalion. m^.M. 
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matically. Some examples of student use of such 
materials might include:'^ 

■ creating a Quicktime clip from a segment of a 
videodisc of a popular movie, 

■ digitizing a video clip from a "60 Minutes" seg- 
ment, 

■ scanning a copyrighted photograph to use in a 
HyperStudio program, 

■ using music from a compact disc for back- 
ground, and 

■ scanning a copyrighted picture of "Goofy" to 
use in a project. 

Teachers' use of new media and curriculum de- 
velopment activities using copyright materials 
might include such activities as: 

■ keeping student developed multimedia projects 
using materials cited above as examples to 
show others, 

■ showing multimedia projects at professional 
conferences, 

■ sharing multimedia projects over the school 
district's cable channel, 

■ using an object from a copyrighted authoring 
program in another courseware authoring pro- 
gram for teaching purposes, and 

■ sharing projects on a listserv on the Internet. 

These applications all raise issues related to fair 
use of copyright material and copyright pro- 
tection. 



The nature of digital works also changes how 
people read or use the works, which presents 
new challenges to educators for the proper use of 
intellectual property. In earlier work,^^ OTA has 
found that the application of intellectual property 
law to protect works maintained in digital libraries 
continues to be uncertain; concepts such as "fair 
use" are not clearly defined as they apply to these 
works, and the means to monitor compliance with 
copyright law and to distribute royalties are not 
yet resolved. Resolution of these issues will pro- 
vide teachers with clearer guidance for using digi- 
tal information; meanwhile, school systems must 
struggle to remain in compliance with the existing 
law. 

Privacy of Student Records 

Use of computers by teachers may raise new is- 
sues of privacy for teachers and their students. 
One area of particular concern is computerization 
of student records. Increasingly, educators and po- 
licymakers will use data gathered and maintained 
in computers to monitor progress toward educa- 
tional achievement standards, determine how well 
curricular content areas are covered, track perfor- 
mance of all students, and analyze information 
about special groups, such as disadvantaged and 
language-minority children.^' In some states, 
lawsuits have challenged the right of state educa- 
tional agencies to create computerized records by 



Rosemary Taub, College of Education, Kansas State University, personal communication, August 1994. 

'9 Digital information differs from infomiation maintained in more traditional forms (e.g.. analog) in several ways: 1 ) digital works are 
easily copied, with no loss of quality; 2) they can be transmittedcasily to other users or be accessed by multiple users; 3) tliey can be manipulated 
and modified easily and changed beyond recognition; 4) they render text, video, and music to an essentially equivalent series of bits and store 
them in the same medium; 5 ) they are inaccessible to the user without hardware and software tools for retrieval, decoding, and navigation; and 6) 
with appropriate software, they create opportunities to experience works in new way.s, for example, interactive media. 

U.S. Congress, Office of Technology Assessment, Finding A Balarire: Computer Sufrn ure. Intcllecluul Property, ami the Challenge of 
Technological Change. OTA-TCT-527 (Washington, DC: U.S. Gnvemmcnt Printing Office, May 1992). 

2' National Iiducation Longitudinal Study of 1988, Student Queslionnaire, prepared for the U.S. IVparlmcnl of Education, National Center 
for Education Statistics. 
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collecting individually identifiable data. Typical- 
ly the legality of such data collections is upheld, 
but not always.2^ 

The Family Education Rights and Privacy Act 
of 1974 (FERPA), commonly called the "Buckley 
Amendment" after former New York Senator 
James Buckley, was enacted in part to safeguard 
parents* rights and to correct some improprieties 
in the collection and maintenance of public re- 
cords. The legislation establishes the right of par- 
ents to inspect school records, limits access to 
school records (including test scores) to those who 
have legitimate educational needs for the informa- 
tion, and requires written parental consent for the 
release of identifiable data. 

The growing use of computers to collect and 
store potentially sensitive information also re- 
quires heightened awareness from computer users 
about their responsibility to respect confidential- 
ity when accessing data. It is already evident to us- 
ers of electronic information technologies that 
functions such as e-mail make the anonymity and 
case of manipulating data within electronic com- 
munities far more likely. 

Censorship and Protecting Student 
Access to Information 

A particularly ch^^Menging issue for K-12 educa- 
tion is finding the appropriate balance between 
encouraging students' rights of access to informa- 
tion and protecting students from objectionable 
materials and potentially harmful contacts over 
wide area networks. Bringing the world into the 
classroom is a laudable concept, but it can also 
have a downside. Educators and parents are con- 
cerned that children will be able to gain access to 



pornographic, dangerous, salacious, or otherwise 
undesirable material over networks, material that 
might never be allowed in textbooks, school li- 
braries, or at home. The same information super- 
highway that makes it possible for students to talk 
to the Archbishop of Canterbury or the state gov- 
ernor online could also link them to criminals, pe- 
dophiles, or psychopaths.^^ As one news article 
recently noted: 

The cyberspace battles may prove especially 
contentious, because the Internet contains a 
great many works not found on the shelves of 
most schools. "The School Stopper's Text- 
book," for instance, tells how to short-circuit 
electrical wiring, set off explosives in school 
plumbing and "break into your school at night 
and bum it down." . . .Schools can keep a porno- 
graphic book off the library shelf by not buying 
it, but they can't keep it from entering the build- 
ing through cyberspace. 

Some educators fear that, without proper safe- 
guards, concerns like this could block the educa- 
tional potential of telecommunications in schools. 
Schools are also worried about the potential for 
litigation, since some states prohibit "exposing 
minors to dangerous material or information. "2-'' 
Some schools have addressed this issue by educat- 
ing teachers about the potential "risks" on the In- 
ternet; others have developed network use 
policies that students and parents must sign. For 
example, a school district in Colorado sends home 
a notice warning parents that potentially "defama- 
tory, inaccurate, abusive, obscene, profane, sexu- 
ally oriented, threatening, racially offensive, or 
illegal material" rxists online. 



~^ Aaron M. Pallas, "Sliilcwidc Sliidcnl Rcciinl Systems: Current Status and Future Trends." Nalional F-dueation Goals Panel, Mar. 2(i. 1992. 
.Siimc teachers ha\e also voiced conceni that states will use the data for accountability purposes that ti achers believe are inappropriate, thereby 
jcopardi/ing local autonomy. While most slates do not use their statewide student record systems for accountability purposes, local districts and 
si.iie education dcpnrtinciils may disagree abiiiil the propriety of these purposes. 

'' Paul Lvan Peters. "In Your Face in C ylx-rspacc. " liducom Kcvicn; September Octolx-i 1994. pp. 70-7.1. 

Stephen Males, ■•llic NcM Front in the Hook Wars," IhcNcsv York T/mcv. Flducational Fife Section, Nov. (\ 1994. p 22 

Ibid. 
■'■ Ibid. 



28 1 Teachers and Technology: Making the Connection 



Other schools have given accounts and pass- 
words to teachers only, not allowing students ac- 
cess to telecommunications. However, many 
educators consider this educationally short- 
sighted, especially since the possibilities of explo- 
ration and freedom of inquiry are what many find 
so promising about the Intemet.^^ Increasingly, 
schools have put some of the responsibility on the 
students, setting up rules for permissible "surfing" 
(browsing through discussion groups or informa- 
tion sources) and taking away student passwords 
or accounts if they engage in "hacking" (destroy- 
ing files or other materials on a computer system) 
or "flaming" (using abusive or offensive language 
on e-mail). Still others seek technological solu- 
tions that block access to certain areas of the Inter- 
net: development is underway on "reverse 
firewalls" that keep users from going beyond pre- 
scribed areas on the Internet. Until such proto- 
types are in place, schools and teachers face a 
substantial challenge. 

PROMISING APPROACHES TO 
TECHNOLOGY IMPLEMENTATION 

The challenge of integrating technology into 
schools and classrooms is much more human 
than it is technological. What's more, it is not 
fundamentally about helping people to operate 
machines. Rather, it is about helping people, pri- 
marily teachers, integrate these technologies 
into their teaching as tools of a profession that is 
being redefined through the ... . process.^** 

Some schools and colleges of education are de- 
veloping approaches to technology implementa- 
tion from which others can benefit. The 
approaches differ, depending upon the existing re- 
sources (human and technological) at a site, the vi- 
sions the sites have developed for how 
technologies are to be used and what problems 
they can address, and the leadership and support 



marshaled to meet those goals. These approaches 
include the following: 

■ developing technology-rich classrooms, 
schools, or districts, in which local expertise in 
various applications of technology can be de- 
veloped and shared; 

■ training master teachers, who then serve as re- 
sources for their colleagues; 

■ providing expert resource people from other 
staff, such as librarians, computer coordinators, 
or volunteers from business, parent, and stu- 
dent groups; 

■ giving every teacher a computer, training, and 
time to develop personal confidence and exper- 
tise; 

■ training administrators so they can serve as 
technology supporters and guide efforts within 
their schools or jurisdiction; and 

■ establishing teacher or technology resource 
centers, ideally with ease of teacher access 
through online services. 

Most schools combine several of these ap- 
proaches, and there is no clear evidence that any 
one model is more successful than others. OTA 
found a number of promising practices, including 
the following examples: 

■ At Webster Elementary School in St.. Augus- 
tine, Florida, all staff received broad training in 
technology use, but those interested were given 
more time, more training, and the opportunity 
to attend conferences. They became the "local 
experts" that other teachers could draw on for 
assistance or advice. 

» To ease the burden of setting up alternative ar- 
rangements for substitutes, the Monterey 
California Model Technology Schools devel- 
oped the concept of "SuperSubs," in which 
teachers on early retirement, armed with 
technology lessons and resources, substitute 



• l.ilclonp Lcamm? and the Nil," unpublished proceedings, Westflelds Conference Cenler, Chanlillv, VA., Nov. \»-20. 1994. 
Barbara Means et al.. lluitf; Tcrlmol(>i>y lo Supiiorl Educalum Rcfarm. OR-y.1-.1?.1 1 (Washington. DC: U.S. Piepartrnenl of Udueulion, 
Olliec of Rcsearth, Soplemlx-r 199.1), pp. 
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for other teachers who are then free to observe 
still other teachers' technology lessons and ap- 
proaches. 

■ In hidiana, four schools were given grants al- 
lowing every teacher to receive a computer and 
printer for use at home or in school, to improve 
their personal productivity and, ultimately, 
instructional efforts. Training, involvement of 
support staff and administrators as well as 
teachers, and broad public commitment helped 
to meet the goals of the program. 

■ In the Apple Classroom of Tomorrow Teacher 
Development Center Project, principals are en- 
couraged to attend training with teacher teams 
and commit to providing extra time and re- 
source for teachers to work together, reflect on 
what they are learning and doing, and assist 
their colleagues in technology activities. 

■ Texas supports 20 regional education service 
centers, with extra funding to support technolo- 
gy initiatives, including such areas as technolo- 
gy preview centers, training first-year teachers 
and preservicc teachers in technology use, and 
training personnel on the use of TENET, the 
statewide computer network for teachers, with 
connections to the Internet. 

These examples suggest a number of important 
lessons for implementation (sec box I -5). 

CURRENT FEDERAL SUPPORT FOR 
TEACHER TRAINING AND TECHNOLOGY 

As in the past (see box 1-6). multiple categorical 
programs for different needs and niches continue 
to comprise the world of federal teacher training 
programs.^^ Of the 58 programs OTA has identi- 
fied that support preparation of teachers to use 
educational technology of some sort, most are 
small (under $10 million). What is striking 
about most of these programs is the optional 
nature of support for technology-related train- 
ing. Not one program is devoted exclusively to 



technology-related teacher training, although 
federal agencies sometimes choose, in the case of 
discretionary grant programs, to make technolo- 
gy-related teacher training an absolute priority for 
one funding cycle.-'^ The programs that provide 
the most consistent funding for technology-re- 
lated professional development usually combine 
technology with science and mathematics training 
or include technology-related activities for both 
teachers and students, as in the Star Schools pro- 
gram. 

In myriad programs, it is up to state, local, or 
university grantees to decide whether technology- 
related training is provided at all and in what form. 
This is the case with large formula grant pro- 
grams, such as the Title I Chapter 1 (usually re- 
ferred to as) program for disadvantaged children 
and the Vocational Education Basic Grant pro- 
gram, as well as smaller demonstration programs, 
such as the National Science Foundation (NSF) 
Teacher Enhancement program. Even programs 
with a primary focus on teacher development sel- 
dom mandate or recommend that grantees consid- 
er technology as either a topic for training or a 
mode for delivery. And with few exceptions, the 
federal government does not collect data from 
grantees in the format or detail necessary to dis- 
cern which projects are actually providing 
technology-related teacher development, or how 
much they are spending for it, or what the impact 
has been. 

FEDERAL POLICY ISSUES AND OPTIONS 

The appropriate federal role in education has al- 
ways been debated. The extent to which there 
should be a federal role in assisting teachers to 
make the connection with technology is and will 
continue to be part of this debate. 

There seems to be little question of whether 
technologies should he used in the nation's 
schools for purposes of instruction, administra- 



^'^ The General Accdiintiii}; Ol'llcc cdiinlcil Hh programs supponoii by the leilcral povcnimciil in supf)on of tcachci iraming iif all Kinds. 
■■Multiple Teacher Training Prnpranis" (Washington, IX": U.S. (icncral Aeeounting Ol'tlce, l-'eliruary IW?). 

Aniih\iilulc I'lionn- nii-ans ihal iinl> pmials that aililii's' Ihc piiorily will Ix- lunileil in a given year. I'riorilios change fioni year lo year. 
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BOX 1-5: Some' Lessons AbouMechnology Implementation 



A number of schools, districts, and states have made the adoption of technology a priority. Important 
lessons from these sites include. 

• Educational rationale should guide technology decisions. Developing a technology plan- 
thinking through the goals for technology use at the local site and involving teachers in the plan- 
ning process — is key to successful implementation. 

• Those wishing to invest in technology should plan to invest substantially in human re- 
sources. Training, maintenance, technical support and time to learn to use the technology have 
proven to be constant and continuing, yet key expenditures. Recently, several states (e.g., Texas 
and Florida) have recommended that at least 30 percent of technology funds be spent on training. 

■ Teachers cannot use technology without systemic support The roles of principals, other ad- 
ministrators, and the community are critical in fostering sustained use of technologies. Other 
staff, such as media specialists, can provide technical and motivational support for teachers in 
their building if time is allocated for them to do so. 

• When It comes to learning to use technology, "hands-on" training is more than a gimmicic 
or motivator. It is a necessity. Teachers must have the chance to make the computer (or camera 
or whatever) work, and gain confidence in their own competence, before they try the same thing 
with their own class. 

■ Access to equipment is essential. It is extremely frustrating for teachers to learn to use technol- 
ogy in a workshop, then return to a classroom where the technology is not readily available. 
Many programs are increasing teacher access to technology by letting them take the equipment 
home (e.g., laptops, summer leaner programs, etc.) since most teachers put in many hours at 
home grading, planning, and preparing. Putting technology in the hands of teachers — allowing 
them to see and explore how technology can help them do their jobs — can be an effective way 
of motivating teachers to learn about technology. 

■ Although there are a number of models for training teachers and Implementing technology, 
there Is no one best way of using technology or of training teachers to use technology. 
Districts are most successful when they have multiple and complementary training and support 
strategies. 

• Followup support and coaching is as essential to effective staff development as is the ini- 
tial learning experience. Teachers don't "learn it all" at a training session — even if it extends 
over several weeks. When they return to the classroom the unexpected inevitably happens. At 
this point, teachers need to be able to reach out for technical assistance and support. 

• Many technology-rich sites continue to struggle with how to integrate technology into the 
curriculum. Curriculum integration is central if technology is to become a truly effective education- 
al resource, y&t true integration is a difficult, time-consuming, and resource-intensive endeavor. 

■ When conditions are right— resources, time, and support are high — exciting things happen 
in technology-rich environments. Today we are faced with the broader issues of how to move 
these lessons to the second stage of dissemination How can these lessons be translated when 
resources aren't as rich? When teachers aren't as enthusiastic or energetic? Issues for policy 
consideration include the need to consider the development of products based on research and 
ext.iorionce I if oxponniontal sitrr,. Gooding of morn 'real world" pro|octs, and better dissemination 
of loGSonG Ic.irnnd 
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live efficiency, and teacher professional develop- 
ment, as appropriate. The policy options in this 
report focus on the question of teachers' roles in 
accomplishing this goal, and on the advantages 
and disadvantages of selected legislative actions 
related to teachers and technology. 

The array of technology for education is di- 
verse, changing, and flexible, and these character- 
istics enable development of hardware, software, 
and learning environments that can suit special 
needs, allow new approaches to teaching and 
learning, strengthen teaching, and create excite- 
ment in the classroom. The broad and expanding 
range of educational technologies complements 
the diversity of the American education system. In 
the past, federal policy has often floundered on the 
enormous scale and differences that characterize 
American schools, compounded by the strong 
tradition of state and local control. In thinking 
about policy for technology, decisions can be 
made to allow for variation, change, experimenta- 
tion and differing outcomes, and so strength can 
build upon strength. 

Federal policy over the past decade has too 
often focused solely on generating funds for capi- 
tal investment in hardware. Other policy initia- 
tives have been diffuse and, until recently, there 
has been little focus on technology by the leader- 
ship of the U.S. Department of Education. Insuffi- 
cient attention has been given to teacher 
preparation, development and support of learning 
tools and techniques, issues of connectivity, and 
the constantly growing demands on teachers' 
time. While costs of hardware will remain an is- 
sue, it is important to remember that technology 
capacity continues to increase at an astounding 
rate and that hardware costs often drop relevant to 
the power one purchases. While direct funding or 
other financial incentives are, of course, effective 
ways to demonstrate leadership and commitment, 
OTA concludes that, if the federal government 
wants to support the expansion and appropriate 
use of technologies in K-12 schools and colleges 
of education, federal policy must go beyond fund- 
ing. Leadership; a commitment to research, devel- 
opment, and dissemination; an increased focus on 
teachers; and attention focused on issues related to 



the challenge of school access to the emerging 
electronic telecommunications infrastructure are 
equally critical. 

OTA has identified a number of necessary com- 
ponents for taking advantage of learning technol- 
ogy and optimizing use of technology by teachers. 
These components are summarized in box 1 -7 and 
discussed below. 

I Federal Leadership: Legitimizing, 
Funding, and Targeting Technology 

If it wants to promote the appropriate uses of 
technology in elementary and secondary schools 
and colleges of education, the federal government 
can move to fully legitimize the role of technolo- 
gy to enhance instruction, increase teacher 
productivity, create new teaching and learning 
communities, and support educational change. 
Federal signals that technology is not only wel- 
comed but needed in schools will strongly influ- 
ence state and local decisions over the next five 
years. Until very recently, with little focus on the 
use of technology within the Department of 
Education, technology was an acceptable expen- 
diture in many programs but was not held up as a 
tool for improvement. An important exception to 
this was the Star Schools Program, initiated by 
Congress in 1988, which has addressed a number 
of educational needs for students and, to a lesser 
degree, teachers, through emerging applications 
of technology. 

The Goals 2000: Educate America Act (P.L. 
1 03-277) called for creation of an Office of Educa- 
tional Technology within the Department of 
Education. The need for high-level coordination 
of technology issues had already been recognized 
by the Secretary of Education in the appointment 
of a Director of Educational Technology in 1993. 
An office like this can provide the much needed 
spotlight on technology, coordinate programs, 
and leud in evaluating and disseminating re- 
search results. Continuing to support this office, 
and seeing that adequate resources and authority 
are provided, will be critical. 

A valuable related step is to make the most of 
the national long-range technology plan to be 
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BOX 1-6: Past Federal Efforts To Suppdrt Teacher Development 



Although it is in the national interest to have a high-quality teaching force, the federal role in teacher 
preparation and professional development has been limited. There are exceptions: spheres where the fed- 
eral contribution has been larger and more influential, such as teacher training in mathematics and sci- 
ence, and personnel preparation for special education. In general, however, the federal government has 
shown caution about becoming too deeply involved in an area traditionally considered a state responsibil- 
ity, and until very recently has avoided even the suggestion of minimum federal standards for teacher 
education. It is the states that have exercised primary authority for teacher preparation, licensing, and cer- 
tification, and more recently competency testing. Substantial responsibility for preservice education also 
rested with universities and for inservice education, with local school districts. 

In keeping with this limited role, federal contributions for teacher training have been modest 
compared with overall federal spending for education. 

Purposes of Federal Involvement in the Past 

The federal government became involved in teacher training for a variety of reasons. Often the impetus 
was a perceived crisis, such as threats to American competitiveness or widespread teacher shortages. In 
other cases involvement was an outgrowth of other federal commitments. The enactment of federal pro- 
grams to improve education for the handicapped, for example, created new demands for specially trained 
teachers to staff these programs. Similarly, effective implementation of federal drug education programs 
required newtraining for teachers. Other motives for federal action stem from dissatisfaction with the quali- 
ty of teacher education or with other aspects of K-12 education. 

This diversity of motives resulted in programs that had various purposes, too!< various forms, and 
employed various strategies. 

Impacts of Past Programs 

Past federal programs had many positive effects on teacher preparation and professional development. 
It might be said that the federal government helped give credence to the concept of inservice education 
and professional renewal, through such programs as the National Science Foundation teacher institutes 
and the National Defense Education Act institutes and Teacher Centers. 



developed by the Secretary of Education in ac- 
cordance with Goals 2000. This plan could pro- 
vide a long-overdue strategy for the federal role in 
educational technology, not only in ED but across 
the government. It is crucial that the Secretary 
take maximum advantage of the directive in the 
law to join forces with other agencies to produce 
coherence and vision at the national level. Using 
all national agencies and programs wisely to ex- 
pand, evaluate, and build upon knowledge in 
educational technology is a policy model that can 
also apply to federal programs affecting teacher 
preparation and the professional development of 
the current teacher force. 

The executive branch is involving professional 
associations and citizen groups, as well as federal 



agencies and researchers, to develop a plan with 
foresight and credibility. An important caution, 
however, is that the plan must respect and build 
upon the extraordinary level of change occurring 
in technology capacity and the multitude of devel- 
oping applications. The plan should be a frame- 
work for an environment of experimentation and 
learning, evaluation, and sharing of results. A plan 
of this nature could call forth rich results, opportu- 
nities to learn from problems as well as successes, 
and build respect for state and local expertise and 
decisionmaking. 

Goals 2000 contains other provisions that 
could set the direction for educational reform for 
the next several years and could be used to lever- 
age improved technology policy. A key provision 
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• BOX 1 -5 (Gont'd.): Past Federal, Efforts To Support Teacher Development 



Although federal training programs never reached more than a small percentage of the total teaching 
force, this should not obscure the fact that many millions of teachers benefited from federally supported 
training. In some subject areas and specialties enough teachers were trained through federal programs to 
have a significant effect on instructional quality or teacher supply Mathematics and science is a case in 
point. Even if the National Science Foundation institutes reached somewhat fewer teachers than the 
agency's estimate of half the math and science teachers in the nation, there were still enough trained to 
constitute a potent force for improvement within their discipline. 

The federal government was also a major force in the growth of certain teaching subspecialties, such as 
special education, bilingual education, and instructional media. In a sense there was a chicken-and-egg 
relationship between federal funding and the need for specially trained teachers. On one hand, it was the 
power of federal mandates that created a demand for some subspecialties in the first place. On the other 
hand, federal intervention filled a void because the special needs of some children were not being met 
through traditional instruction or teacher preparation. 

Federal aid also changed the composition of the teaching force. Scholarships, fellowships, and training 
opportunities broadened access to the teaching profession for students from blue-collar or low-income 
families and for minority individuals. Federal programs such as Teacher Corps attracted talented and ener- 
getic persons into teaching who might have pursued other careers. 

Participation in federal training programs produced substantial improvements in the knowledge, atti- 
tudes, behavior, and career advancement of many teachers. At the school district level, federal funding 
sometimes provided the external stimulus needed to promote change. Federally supported training famil- 
iarized many teachers with instructional approaches that were once considered innovative, such as individ- 
ualized instruction, interdisciplinary approaches, team teaching, and multicultural education. And, most 
significantly for this study the integration of various technologies into the classroom— including audiovisual 
materials, educational television, and computer technologies— was hastened and encouraged by federally 
supported training. 

SOURCE OHice of Technology Assessment 1995. based on Nancy Kober. "Teachers and Technology The Federal Role." Office of 
Technology Assessment contractor report. May 25. 1994 



authorizes federal grants to states that develop "a 
systemic state-wide plan to increase the use of 
state-of-the-art technologies that enhance elemen- 
tary and secondary student learning and staff de- 
velopment."-^' 

In addition, states that submit an approved ap- 
plication will receive funds under Goals 2000 to 
establish state content and performance standards 
for student learning. Whether these standards will 
instigate the massive reforms desired by advo- 
cates will depend on what the standards contain 



and how seriously they arc taken. The inclusion 
of technology issues in these standards, how- 
ever, could signal that technology is an ap- 
propriate tool for all core subjects, while the 
omission of technology could prove a genuine 
setback. Although the federal government does 
not have the authority to dictate the substance of 
these national and state standards, the law estab- 
lished a National Education Standards and Im- 
provement Council (NESIC) to review and 
"certify" the standards. If NESIC or some variant 
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BOX '1-7: Areas for Federal Policy 



1 Federal and state leadership that articulates the value of Integrated, technology-based teach- 
ing and legitimizes technology as a path to achieve educational goals. This leadership will be mean- 
ingful to the extent that it is supported by commitments to fund and encourage technology use, and is 
linked to continuing research, development, and dissemination. It can also focus attention on the potential 
of technology for providing resources to improve the preparation of new teachers and as a valuable tool for 
the "just-in-time training and support" for professional development. 

2. Increased focus on teachers, both In training and in the field, including: time and money to 
allow teachers to learn to use technology, support for their professional growth, respect for the com- 
plex nature of learning and the many demands facing teachers today, and research on how technolo- 
gy affects teaching and school change. Congress has taken some steps to promote increased technolo- 
gy use in schools, and greater support for teachers who use technologies. Technology planners in K-12 
schools and in colleges of education can take advantage of such support to further their goals. 

3. Provisions to ensure that access to data and information, through services such as the Inter- 
net, are available to all teachers and students. The special needs of education are likely to be over- 
looked or neglected unless they are built into federal, state, local, and private sector decisions on telecom- 
munications regulation and funding over the next few years. Access to high-quality information and 
necessary resources may be today's measure of equity in education. 

4. Commitment to research, development, and dissemination that will advance technology use by 
and for teachers. The development of powerful curriculum products, tools, and telecommunication re- 
sources is often beyond the capability of individual states, districts, or schools. The private sector may be 
able to play a greater role in developing new educational technology products than they have in the past, 
but some observers note that education may not be a promising enough market unless incentives are 
found to aggregate it.'' Federal support may be needed to infuse the appropriate funding, expertise, and 
attention to standardization, evaluation, and dissemination that can facilitate school use of promising 
technologies and their applications. Furthermore, research is needed on teachers and technology use if 
these applications are to be used most effectively. 



' The Soltware Publishers Assocalion reports that the average elementary school spent $1 2.500 and the average high school 
spent $ 10.400 on soltware m the 1 993-94 school year Software Publistiers Association. SPA K- 12 Education Market Report (Washing- 
ton DC July 1994) Overall, the annual expend'turesmade by K-12 schools has been estimated to be approximately $1 billion, and 
software purchased by K- 1 2 schools has been growing at the rate ol about 20 percent per year Ronald E Anderson. The Technology 
Inlrastruclure ol U S Schools." Commun/cafions o^r/ie /ACM. vol 36. No 5. May 1993. p 72 

SOURCE Ollice of Technology Assessment 1995 



is supported, its criteria for certifying standards 
could include a review of whether technology 
needs and methods have been considered. 

Another very critical step that the federal gov- 
ernment can take to provide both leadership and 
dollars is to make the most of the opportunities 



available to support and encourage technolo- 
gy-related professional development in current 
programs, and the Improving America's 
Schools Act (P.L. 103-382), with its amend- 
ments to the Elementary and Secondary 
Education Act of 1965. The Office of Education- 
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al Technology will be well suited to lead a review 
of existing and proposed programs to ensure that 
they give fair consideration to technology-related 
expenditures and to determine whether there are 
program regulations, guidelines, and accounting 
procedures that either discourage expenditures for 
technology and professional development or have 
untapped potential to encourage them. 

P.L. 103-382 also included a major new 
Technology for Education Act that could be the 
centerpiece of a stronger federal role in providing 
technology-related teacher development, ensur- 
ing greater access and equity in the area of 
technology, and demonstrating and disseminating 
several promising educational applications. 

The federal government could take several 
steps to achieve better use of programs and 
funding authorized under current laws. Feder- 
al regulatory actions could include establish- 
ing priorities or bonus points related to 
technology in competitive grant programs, 
issuing policy statements highlighting accept- 
able expenditures for technology and profes- 
sional development where the law permits, and 
eliminating unnecessary nonstatutory restric- 
tions on the use of funds for technology or 
training purposes. A message from federal lead- 
ers can send a strong signal of reassurance to state 
and local educators that they can acquire and up- 
grade technology and, most important, train 
teachers in its use with no regulatory constraints. 

Particular attention should be focused on the 
revised Eisenhower Professional Development 
Program, given greater emphasis in P.L. 
103-382, which calls for a larger federal teacher 
professional development effort in several critical 
subjects. The Secretary of Education could en- 
courage states, universities, and school districts to 



consider integrating technology into the various 
professional development activities supported un- 
der this program. 

Other federal programs that should be ex- 
amined include the programs for students with 
special needs that are a cornerstone of the federal 
role in education, particularly Title I of ESE A for 
disadvantaged children (referred to commonly 
as Chapter 1), the Part B state grant program 
under the Individuals with Disabilities Educa- 
tion Act (IDEA) (20 U.S.C. 1400 et. seq.), and 
the BiUngual Education Act (20 U.S.C. 7401 et. 
seq.). Together these programs channel almost 
$10 billion to states and school districts. Educa- 
tional technology has become an important tool 
for delivering instruction to the children served by 
these and other special needs programs, yet teach- 
er professional development has not kept pace. 

In Chapter 1 , for example, technology contin- 
ues to be used primarily for drill and practice of 
basic skills rather than for the more promising and 
integrated kinds of teaching described in this re- 
port. Amendments to Chapter 1 in P.L. 103-382, 
and discussions about future policy directions in 
IDEA, are stressing improved program quality 
and professional development in these programs. 
For example, as justification for changes in Chap- 
ter 1, P.L. 103-382 states that, "Since 1988. . .[the 
nation has learned that] insufficient attention and 
resources are directed toward the effective use of 
technology in schools and the role technology can 
play in professional development and improved 
leaching and learning."-'-' 

Similarly, the 1994 Bilingual Education Act 
authorized $215 million in grants for activities in- 
tended to educate limited-English-proficient chil- 
dren and youth so that they would be able to "meet 
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TABLE 1-4: Majon Federal Policy Levers for Enhancing TeacherslUse ol Technology and teachers!' Professional Development 



a> 



Legislation or Program Level 

Improving America's Schools Act 
{PL. 103-382) (amending and revis- 
ing the Elementary and Secondary 
Education Act (ESEA) of 1965 and 
several other federal education 
st£jtutes) 



Program 



ESEA Title I: Helping Disadvantaged 
Children tvleet iHigh Standards 



ESEA Title II: Dwight D. Eisenhower 
Professional Development Program 

ESEA Title III Technology for Educa- 
tion Act 



Star Schools 

Challenge Grants 
National Activities 

Product Development 



Goal 



Major activities supported grants to 
states for funding local improvement 
programs, family literacy, education 
of migratory children, others 



Supports professional development 
in core academic subjects 

Expanding access to and use of 
educational technologies, strength- 
ening the technology infrastructure, 
supporting technical assistance and 
professional development 

Improve instruction through grants to 
telecommunications partnerships for 
programming and facilities 

Innovative projects, can include 
teacher training 

Regional technical assistance and 
teacher training consortia and other 
implementation activities 

Develop, produce and distribute 
technology enhanced instructional 
resources and programming for 
instruction or professional devel- 
opment 



Funding^ 



$7.2 billion 



$359 million 
$40 million 

$30 million 

$27 million 
$13 million 

unfunded 
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Individuals with Disabilities 
Education Act (20 U.S.C, 1400) 
* Eligible for reauthorization 
in 104th Congress 

Goals 2000 Educate America Act 
(Fi, 103-227) 



ESEA Title VI: Innovative Education 
Program Strategies 



ESEA Title VH; Bilingual Education, 
Language Enhancement, and Lan- 
guage Acquisition 



ESEA Title XII: Education Infrastruc- 
ture Act of 1994 



Ri'vi'.ifins to (,'t)nitnuiiic.,iti(;ns 
Act of 1934 



Part C Leadership in Educational 
Technology. Office of Educational 
Technology 



Part B National Education Standards 
and Improvoment Council, Assess- 
ment, Development, and Evaluation 
Grants 

Revisions will be important to pricing 
of telecommunications services 



In the past, districts have spent 
funds on hardware and software 
purchases and professional devel- 
opment 

To educate limited-English-proficient 
children and youth to meet the same 
rigorous standards for academic 
performance expected of all children 
and youth 

Ensure the health and safety of stu- 
dents through repair, renovation and 
construction of schools 

Educating children with disabilities 



Encourage technology as a resource 
for providing instruction and profes- 
sional development, and teacher 
training as part of technology invest- 
ments 

Grants to states for plans, part of 
broader state improvement plans, 
to increase use of educational 
technologies for learning and staff 
development 

To be determined 



$347 million 



$350 million 



$100 million 



$3.3 billion 



NA 



$5 million 
(fiscal year 
1994) 



NA 

(continued) 



TABLE 1-4 '(cont'd.): Major Federal Policy Levers for Enhancing Teachers' Use of Technology and Teachers' Professional Development 



Legislation or Program Level 



Program 



Goal 



Funding^ 



Other Selected Areas and Activities 
[)fnurtme/ It ot Commerce 



fiihi'i: RrncUk iistiiig Ai t ol 1967 
(IM yO-129) 



Advanced Technologies Program - 
education activities 

Public Telecommunications Facilities 
Program 



Telecommunications and Information 
Infrastructure Assistance Program 

Teacfier Enfiancement Program 

Teacher Preparation 



National Education Infrastructure for 
Networking 

Applications of Advanced 
Technologies 

Corporation for Public Broadcasting 



Develop telecommunications facili- $29 million 

ties to serve local communities (dis- 
tance-learning projects have been 
supported in the past) 

Planning activities and demon- $64 million 

stration projects for telecommunica- 
tions networks 

Funds teacher training programs in $101 million 

math, science and technology 

Supports projects to improve under- $18 million 

graduate teacher preparation in 
math and science and technology 

Demonstrates innovative applica- $15 million 

tions of networking for education 

Funds research and demonstration $10 million 

in revolutionary technologies for 

education 

Support for development and activi- $285 million 

ties in support of education and pro- (estimated) 
fessional development 
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the same rigorous standards for academic perfor- 
mance expected of all children and youth. "^^ Fed- 
eral grants were authorized for projects using 
educational technologies, "if appropriate," among 
a range of other permitted activities. Furthermore 
a subpart of the Bilingual Education Act was de- 
voted to professional development and, among 
the evaluation components required of recipients 
of bilingual education capacity and demonstration 
grants was a demonstration of "appropriateness of 
the program's staff professional development." 

The recognition of technology and profession- 
al development in these legislative authorizations 
represents an opportunity to encourage states and 
school districts to use a portion of their program 
funds for additional professional development in 
forming the effective uses of technology for spe- 
cial needs children. However, without specific re- 
quirements in legislative language, it will be up to 
grant applicants or the Department of Education 
(in regulations or grantee requirements) to ensure 
that professional development and/or technology 
are foci. 

Other programs, such as Star Schools, have as 
their primary purpose the use of technology to 
meet educational needs. These programs can con- 
tinue to be leaders in experimentation, helping to 
add to the store of knowledge on how technology 
is effectively used. 

OTA also finds that while great interest centers 
on advanced educational technology such as inte-. 
grated curricula products and multimedia tools, 
"small" technology is also needed to bring 
schools along the learning curve. Telephones, 
voice mail, fax machines, calculators, television 
sets and VCRs. camcorders and editing tools all 
have a place in today's classrooms, but are often 
denied to teachers. In fact, providing a classroom 
telephone that puts a teacher in direct contact with 
a parent can facilitate the parent-teacher com- 
munication and parent involvement that many 
believe is essential to improving student achieve- 
ment. Yet tools as basic as telephones are denied 



for a complex set of reasons, and co.st is normally 
one of the smaller issues. Traditional methods of 
conducting school business, reluctance by princi- 
pals to allow teachers more control over their pro- 
fessional lives, and general fear that teachers will 
somehow "misuse" telephones are frequently 
cited to researchers as reasons that telephones and 
other technology should not enter classrooms. 
Congress may not be able to change such atti- 
tudes, but it or the executive branch could set 
the tone by taking steps to encourage the instal- 
lation of telephones in classrooms. As discussed 
earlier in this chapter, costs are likely to be a factor 
inhibiting the installation of technologies, wheth- 
er small or large. 

Research, Development, and Dissemination 

Support for educational research, development, 
and the dissemination of research results has tradi- 
tionally been viewed as an area of national con- 
cern, supported by federal funds. This is also true 
of such activities as they are related to educational 
technologies. 

First, more and better information is needed on 
the effectiveness of various technology tools, and 
applications, including whether and how technol- 
ogies work for teachers. Are some types of train- 
ing or support more effective than others? Are 
they more effective for some type of teachers (by 
field) or by level (elementary versus secondary)? 
Some literature suggests that educational technol- 
ogy "takes off when there is a critical mass of 
teachers committed to using it. Can this be sub- 
stantiated? Experience has shown that teachers 
must be given time to learn and prepare, adequate 
technical and content support, and a supportive at- 
titude from the principal's office, but surely there 
is more to be learned about teachers and effective- 
ness. Although some recent studies arc beginning 
to investigate how the teacher's work life is 
changed by technologies, there has been little re- 
search on teachers as members of work groups, or 
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Research to date tias looked at student achievement, 
comparing results of instruction with technology versus other 
methods. However, there are other important factors that 
make simple comparisons misleading. 



on the breadth of activities teachers undertake. All 
these are fertile areas for federal research. 

Alternatively, the federal government, states, 
school districts, and schools could leave the topic 
of effectiveness research to private sector product 
developers or form resesu-ch partnerships with lo- 
cal university-based, research-oriented colleges 
of education. One disadvantage of a private sector 
approach is that product developers may use re- 
search as an opportunity for marketing. Publicly 
funded research may be more likely to point out 
both the positives and negatives of a new technol- 
ogy. Clearly, the education community needs 
additional exploration of research strategies that 
will lead to providing both accurate and timely re- 



sults for use by adopters of new educational 
technologies. 

Development of advanced integrated curricu- 
lum materials, projects and tools could be ap- 
propriate investments for the federal government, 
continuing a long tradition of research and quality 
applications. Because the upfront investments are 
high, and state and local funds for development 
are limited, federal support has been important in 
the past. Many of the innovative technology ap- 
plications reported on in this study have been sup- 
ported by federal research funds, particularly the 
National Science Foundation. 35 

The work of the Department of Education, the 
Department of Energy, the National Technical In- 
formation Administration, the Department of De- 
fense and its research agencies, and others has also 
been invaluable in creating new methods, new 
technologies, new materials, and new approaches 
with educational technology. Projects of this type 
can also enhance the link between teachers and the 
research community. Comparatively small 
amounts of money in the federal budget have had 
substantial impacts on technology use in schools. 

Much of the focus and experimentation to date 
has been in the areas of math and science; work is 
needed in other subject areas. If Congress wishes 
to encourage the development of powerful, flex- 
ible learning tools and applications, federal sup- 
port for continuing research and development will 
be necessary. The development of the next gen- 
eration of integrated curriculum projects can 
work hand-in-hand with proposed educational 
standards in all curricular areas, and could be 
undertaken as a national research priority. 

Congressional concern about timely develop- 
ment of new educational technology software was 
rcllccted in the 1994 Technology for Education 
Act's provisions on product development. Grant 
applications were encouraged that "promote the 
acquisition of higher-order thinking skills.... 
convert technology resources developed with sup- 
port from the Department of Defense and other 
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federal agencies for effective use in the classroom; 
. . .[and] show promise of reducing the costs of 
providing high-quality instruction." No funds 
were appropriated for this program in FY 1995. 

The federal government's seed money for 
product development can be said to have re- 
sulted in a sequential form of public-private 
partnership. A good example is the Kid Net proj- 
ect initially funded by NSF, further developed by 
TERC (a not-for-profit organization), and eventu- 
ally turned into a marketable product that schools 
can purchase from National Geographic, which 
sells Kid Net as part of their profit-making com- 
pany. 

Alternatively, Congress could leave develop- 
ment of new education technologies entirely to 
the private sector. It is unclear, however, that 
K-12 schools, with their persistent constraints on 
resources, represent enough of a market for educa- 
tional technology product developers. For exam- 
ple, the Software Publishers Association (SPA) 
estimates that K-12 schools spent an average of 
about $11,000 each on software in the 1993-94 
school year.2^ In half the school districts surveyed 
by SPA, funds for software purchases came pri- 
marily from discretionary funds held by principals 
and teachers, from donations or business partner- 
ships, or from school fundraising efforts. Possible 
tradeoffs between public and private sector ap- 
proaches to new product development would be a 
good subject for further analysis. 

Federal action can improve dissemination of 
research results. Experimentation with new 
technologies is only the beginning; teachers need 
to know what works and why. Dissemination of 
research results has riot been adequately empha- 
sized in the past, but it too can be enhanced and ex- 
tended through technological means. 

Educating New Teachers, Professional 
Development and Teacher Support 

People preparing for teaching and teachers in the 
field face a vast and constantly growing set of de- 



mands for their time and attention. Mastering 
technology use may be only one goal placed be- 
fore them. Yet using technology with facility is a 
daunting challenge for most people; teachers are 
no exception. One of the clearest findings of the 
OTA case studies and other research is that even 
very highly motivated teachers require substantial 
amounts of time — often over a three to five year 
period — before they feel fully versatile with a 
complicated new technology and are able to ex- 
pand technology tools to fit their particular teach- 
ing goals. And finding time in the teaching day 
and year for training, collaboration, and "messing 
around with" technology is a bane of the profes- 
sion. 

A goal for states and localities that want 
their schools to function more effectively is to 
find ways to give teachers time for lesson prep- 
aration and learning, and support for continu- 
ing work. Exposure to new materials and 
resources, training in use of actual technologies, 
and development of new classroom patterns take 
time. They also require strong organizational sup- 
port from principals, administrators, and col- 
leagues. There is little point in acquiring hardware 
but making no provision for teacher development 
and support. Fortunately, technology itself offers 
some inherent solutions, if teachers can have 
equipment to use when they have time, and can be 
rewarded for learning. The use of telecommunica- 
tions linkages to provide resources and opportuni- 
ties for training is one of the most promising 
aspects of technology, but it cannot be a substitute 
for adequate time. As mentioned earlier, states 
with a strong commitment to effective technology 
use arc beginning to allot as much as 30 percent of 
technology expenditures for teacher training and 
support. This includes the cost of substitute teach- 
ers as well as training resources. 

The demographics of the teacher pool and the 
school population indicate a substantial increase 
in the number of teachers required just after the 
turn (if the century. Teacher preparation has al- 
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ways been the province of states, colleges and uni- 
versities. Tne federal government has played a 
limited role in the general area of teacher profes- 
sional development, despite the fact that a large 
number of federal programs have been aimed at 
this issue and some have made an impact in specif- 
ic subjects such as math and science (see box 1-6). 

Prior federal efforts to improve teaching or in- 
crease the teacher pool reflect a scattershot ap- 
proach. Preservice programs have included 
fellowships, scholarships, loans, support for certi- 
fication efforts, and some direct training programs 
aimed at specific kinds of teachers or curricular 
materials. Current teachers have been exposed to 
summer and academic-year institutes, seminars, 
workshops, and one-time training sessions. Fed- 
eral funds have provided institutional support to 
local school districts and schools of education to 
build their capacity. Strategies to magnify the ef- 
fect of federal dollars have included targeting key 
teachers who are expected to train their peers or 
promote school change, training teams of teachers 
and administrators from one school, developing 
model training programs and, to a more limited 
degree, encouraging collaboration between 
school districts and universities. 

A review of many other federal programs (see 
chapter 6) makes clear that in some instances, 
technology has been introduced to schools, but 
funding has been limited to the cost of hardware or 
software only, with no allocation for the prepara- 
tion and support of teachers and other personnel. 
This strategy is a bad investment. 

Congress could more definitively express its 
wishes to see adequate budgets for teacher support 
and training in future legislation or report lan- 
guage. 

OTA concludes that an effective policy mecha- 
nism would be to require that all applications 
for federal financial help that include technolo- 
gy show adequate budgets for high-quality 
support and preparation of staff. This approach 
would remind anyone preparing an application 
how important planning is to assure technology 
will be well used; it will help to assure that teach- 
ers will be given support over the long term, not 
just when the technology is brought in the door. 



States that are leading technology users have 
already adopted this approach. The Texas Educa- 
tion Agency recently recommended that districts 
allocate 30 percent of their technology funds for 
hardware, 30 percent for software, 30 percent to 
staff development, and 1 0 percent to maintenance. 
For the 1993-94 school year, the Florida legisla- 
ture allocated $55 million for technology and 
$8.65 million for software, and required that 
schools seeking these funds set aside at least 30 
percent for teacher training. 

The importance of teachers for the effective use 
of technology, the need for expanding the popula- 
tion of teachers in the next decade, and the inclu- 
sion of teacher professional development in the 
national education goals suggest that the time is 
ripe to consider whether the nation wishes to 
make a more direct and coordinated commit- 
ment of federal attention and resources for 
teacher preparation and professional growth. 
Goal 4 of the National Education Goals specifies 
that by the year 2000, "the Nation's teaching force 
will have access to programs for the continued im- 
provement of their professional skills and the op- 
portunity to acquire the knowledge and skills 
needed to instruct and prepare all American stu- 
dents for the next century." Meeting this goal must 
surely mean competence in working with technol- 
ogy. Policy decisions to meet this challenge 
could be carried out through the revised Eisen- 
hower program, through other innovation pro- 
grams such as the Fund for the Improvement 
of Post-Secondary Education, through broad 
initiatives such as the National Teacher Corps, 
or even through a national-level teacher certifi- 
cation. A first step toward making this policy de- 
cision would be a review and evaluation of 
existing programs as recommended above, and 
consultation with professional societies, educa- 
tors, parents, and others to identify appropriate 
federal actions. 

Colleges of education remain generally low on 
the totem pole when value is assigned to under- 
graduate and graduate training. One force work- 
ing to improve teacher preparation is a movement 
to raise .standards for accreditation of teacher col- 
leges: stale and federal policy decisions that em- 
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phasize accreditation (or other outcome 
measures) are likely to encourage improvement. 
Awards and honors bestowed by professional 
education groups also contribute to higher status. 
The federal government can play a role 
through its grantmaking activities, by encour- 
aging and supporting technology applications 
when considering funding requests from 
schools and colleges of education. In particular, 
education research centers and major graduate 
educational sites could be strongly encouraged to 
adopt teaching with technology, so that new teach- 
ers learn by example. In teaching, as in most other 
professions, the techniques modeled for new en- 
trants by their own teachers are extremely power- 
ful. If new teachers have not experienced the 
power of learning through technology-based 
tools, they will have less motivation to make the 
effort to master these tools themselves. 

In addition to relying on the public sector for 
support, states, school districts, and schools that 
accept offers of hardware or installation from pri- 
vate sector companies (e.g., computers, wiring 
schools or providing other hookups to electronic 
information sources) could request or require that 
the companies also provide meaningful levels of 
initial training and continuing support for teach- 
ers. Some companies have provided such support 
on a short term basis (sec chapter 4). Companies 
might be persuaded to agree with requests for 
more intensive support for technology-using 
teachers because technology-friendly teachers arc 
likely to make more and better use of the technolo- 
gies provided, and expand companies' markets. 
Schools may be reluctant to make such demands 
in the belief that the companies will be less likely 
to offer any assistance in the future, but the strate- 
gy might be worth trying and monitoring, as a 
means of providing more effective private sector 
supr/Ort to schools. 

While it is clear that diffuse, shifting federal 
teacher training programs that reach only a tiny 
fraction of teachers cannot change the profession, 
it is also clear that if a decision were made to inten- 
sify the emphasis on use of technology as a 
resource for prcscrvicc and inscrvicc teacher de- 
velopment, clficicncics and improvements could 



be made in the overall ways these activities are 
conducted. 

Access to the Emerging 
Information Infrastructure 

In the early days of "computer education," great 
attention was given to the distribution of ma- 
chines per capita. It is becoming clear that actual 
equity for technology today goes well beyond ma- 
chine counts; in fact, machines are a necessary but 
not sufficient component of teaching and learning. 
Students in some classes may have access to ma- 
chines, but nothing available from or through the 
hardware of any real value. Likewise; teachers 
need to be able to locate and retrieve information. 
Cv I'.aborate with others electronically, and devel- 
op and share materials at their own pace and for 
their own needs. In the information age, access to 
necessary information may be the true measure of 
equity. Over the next decade, many individual, lo- 
cal, state, federal and business decisions will de- 
termine whether this resource is broadly available 
or greatly restricted. 

At the present time, computer networks, elec- 
tronic communities, software for searches and re- 
trieval, and myriad other elements of an emerging 
information infrastructure are coming into use on 
a highly idiosyncratic basis. This takes advantage 
of technology capacity and caters to individual 
needs. It means, however, that teachers, schools, 
and students can easily miss the boat. 

An intense debate is nov,' under way about the 
role of education with respect to the emerging na- 
tional and global information infrastructure. The 
policies that result from this debate may be the 
most difficult and important decisions of all. All 
sectors of the economy are struggling to come to 
grips with the new opportunities, products, and 
choices offered through these developing technol- 
ogies and policies. The constantly shifting defini- 
tion of the system, changing technologies, entry 
of new public and private participants, and the 
simple newness of the system mean that it is very 
hard to articulate policy choices for the near fu- 
ture, much less for a decade. Some conclusions 
seem clear, however: 
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■ Having ready electronic access to information 
is likely to be necessary for schools. 

The costs of these services cannot be fully 
determined but will include hardware, soft- 
ware, connectivity, use of guides and help- 
ers to effectively navigate the system, and 
fees for line access and use. How the na- 
tion's schools might afford ready electron- 
ic access to information, especially in a 
time of restricted or even reduced funding 
for education, is a major policy concern. 
School districts are facing huge costs just 
to bring their aging, dilapidated school 
buildings to where they meet basic stan- 
dards. The General Accounting Office re- 
ports that $112 billion is required for the 
repairs, renovations, and modernization re- 
quired to restore the nation's 80,000 public 
schools to good condition and to comply 
with federal mandates related to accessi- 
bility and safety regulations, for major 
building features such as plumbing and en- 
vironmental conditions such as ventilation, 
heating, lighting, or physical security.-^^ 

■ Intellectual property and privacy issues arc im- 
portant for schools, as they are for other groups. 

• The K-12 education community, and the col- 
Icge-of-education communities are not well 
positioned to negotiate effectively in the open 
market or in the regulatory arena for rights and 
access, and are unlikely to have the funding, le- 
gal support, and bargaining power to protect 
themselves, unless there is intervention or 
guidance from state and national policymakers 
or the private sector. 



Congress is considering a number of ap- 
proaches for education and the emerging telecom- 
munications complex. Some reflect the desire to 
apply the concept of "universal service," con- 
tained in the current legal framework for the 
broadcasting system, to schools. There have been 
suggestions to set aside portions of the informa- 
tion infrastructure for school and other public 
uses, and suggestions to provide special sources 
of funding for school connections to these sys- 
tem.-'^ The education market could possibly be 
aggregated into a purchaser that generates sub- 
stantial market clout. This model reflects the suc- 
cess of some states in centralizing purchasing of 
hardware, specifying arrangement for network 
connections, and specifying software from com- 
petitive vendors. For example, some states have 
regulated tariffs and established targeted subsi- 
dies for schools. Georgia, for example, through its 
state department of telecommunications, procures 
telecommunications services for schools at the 
same prearranged rate that state agencies pay.-'^ 

In California, the Industry Council for 
Technology and Learning worked with the Public 
Utility Commission (PUC) in developing a PUC 
Educational Telecommunications Plan for the 
state. When the commissioner, who originally did 
not know that the schools were not connected, met 
with the state's education agency, together they 
developed recommendations that overcharges to 
customers be channeled to education. This 
amounted to an estimated $40 million for tele- 
communications in the schools per year. As a part 
of this partnership. Pacific Bell pledged to con- 
nect every school in the state. Cuirently, 18 



I'.S. Ccmgross, (Icnoral Accounting OftR-o. Siluxtl I'miliiify CondUhm of Amtrir<i\ Schools (Washington DC: Fcbraary iyy5). 
''^ Sec, e.g., National Association of Secondary School Principals. Council of Chief State School Officers, National School Boards Associa- 
tion, American l,ibrar\' Association, and National I-ducation Association, press release. Nov. I.S. 1994. 

James liailey Matthews, vice chancellor, Inlomiation Teclmology for the I'niversity Sssteni of Clcoigi.i, Atlanta, CIA. peisonal coin 
iMikatioii. Mar. I.V IW.*;. 

■"'John Cradler, l-ai West llducation I presentation to N'atioii.il ( 'oordniatmg Couned Technologs in I clucation and Training, meeting. 
Washington, DC, Dceeinlvr I9'M. 
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BOX 1-8: Organization of the Report 



This first chapter highlights some of the main findings of the study and lays out several policy options 
for Congress. It also analyzes several issues related to educational access to the global information infra- 
structure, including rough estimates of cost of and possible financing strategies for developing a telecom- 
munications infrastructure with various levels of school access. It addresses other issues relevant to 
emerging electronic information sources and teachers, such as intellectual property rights, confidentiality 
and privacy of records, and limits on student access to potentially obscene or harmful materials. 

Each of the next five chapters begins with a summary of key findings frcm that chapter. 

Chapter 2 discusses the potential of technology to support, enhance, and. In some cases, rede- 
fine the job of teacher. Based on the actual experiences of teachers as reported in interviews, site visits, 
case studies, and published research, the chapter examines why some teachers are using technology and 
how it is changing their classrooms and teaching methods. The chapter also describes how technology 
can help teachers carry out many of the administrative, productivity, and communications tasks associated 
with their jobs. Finally, the chapter considers how technology can be a resource for teachers' professional 
growth, whether through formal professional development courses or informal exchanges with colleagues 
and outside experts. 

Chapter 3 provides a statistical picture of the presence and use of technology In schools today. 

The chapter examines the extent to which schools and teachers have access to various kinds of technolo- 
gies, including computers, video resources, telephones, and networking technologies. It also looks at how 
schools actually use these technologies: how often, in which kinds of classes, and for which kinds of activi- 
ties. Finally the chapter examines state policies for technology access and use. 

Chapter 4 analyzes the factors that influence how effectively teachers implement technology. The 
chapter examines multiple barriers limiting teachers use of technology and describes the resources currently 
available to support teacher use of technology Building on case studies of promising practices, the chapter 
outlines some approaches that schools and districts are currently using to help teachers learn more about 
technology and draws some lessons about technology implementation from these pioneer sites. 

Chapter 5 addresses the role of technology in the preparation of new teachers. It examines the 
treatment of technology issues in teacher certification requirements and teacher education reform propos- 
als. The chapter analyzes the kinds of technology preparation currently provided to teacher candidates. 
Drawing on case studies of institutions that have made technology a priority, the chapter also describes 
some promising approaches for integrating technology into teacher preparation and highlights ways in 
which technology can improve the teacher preparation experience. 

Chapter 6 summarizes the federal role in technology-related teacher preparation and professional 
development. It outlines current sources of federal support for these activities, the nature and extent of 
federal commitment, and new opportunities for federal leadership created by recent legislation. The chap- 
ter also examines past federal efforts to improve teacher training and promote technology analyzing their 
impact and their lessons for future federal action. 



states are using preferential telecommunications 
rates as sources for expanding the use of technolo- 
gy.'*' Legislation proposed (and in effect) at the 
state level speaks only to telecommunications ac- 
cess rates for intrastate service; any special rates 



for interstate service would fall vv'ithin the author- 
ity of the Communications Act of 1934. 

Congress may be left in a quandary as it consid- 
ers how much it should do with respect to expand- 
ing the technological capabilities of elementary 



••I Ibid. 
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Our children face a future in which technology will touch 
every aspect of their lives. Teachers want them to 
be ready 



and secondary schools and colleges of education. 
Clearly, federal support for an extensive expan- 
sion of educational technologies, even if it were 
ideologically desirable, could be costly.''^ Be- 
cause technologies are advancing so rapidly, there 
may never be an adequate, up-to-the-minute an- 
swer to the question of whether such investments 
are worth their cost.''-' Some states and local 
school districts may be able to take on the burden 
of investing in new educational technologies, 
even without a definitive answer as to the long- 
term payoff, but others will not have the resources. 
Given the federal budget deficit, and the tax bur- 
dens felt by American citizens in all localities, an 
extensive federal investment at this time may not 
be possible. The analysis in this report suggests 
strongly, however, that whatever investments in 
hardware and software arc made, and at whatever 



level, with whatever sources of funds, the invest- 
ments be made thoughtfully. In this case thought- 
ful investment will require that infusions of 
resources be accompanied by concomitant invest- 
ments in the teachers who will be working with 
the students and the technologies. 

The Department of Education is struggling to 
keep attention focused on educational access, as it 
works to define what products the education mar- 
ket needs and how schools can best participate in 
the emerging telecommunications system. Given 
the large federal role in interstate telecommunica- 
tions issues, if schools are not to be left behind. 
Congress will need to pay close attention to this 
issue as it debates regulatory and subsidy mea- 
sures. 

Regardless of decisions made about funding, if 
unintended consequences of new technologies are 
not to hinder teachers' access to technology and 
telecommunications, policymakers must be vigi- 
lant regarding three additional areas pertinent to 
education and new information systems. These 
areas, discussed earlier in this chapter, are privacy, 
particularly with respect to the records of students, 
copyright law, and the tradeoffs between protect- 
ing children from inappropriate materials and 
untoward censorship of emerging networks. Pro- 
tection of intellectual property products also re- 
quires effective education of the public about 
intellectual property rights. This education could 
begin in school as students, teachers and admin- 
istrators are connected to online information 
systems. 

CONCLUSION 

Bringing about change in the diversified U.S. 
school system is a formidable task. With over 2.8 
million teachers in the United States, and 3.3 mil- 



*^ As liisiusscd c:irli(.T, the costs of (.oiini-i lmg sihools. Icachi-is. ami sludcnls to (.•nicrping iiiloniialidn technologies and sources are iiigiiiy 
uncertain. Availalilc rough esliniales suggest the costs on a national basis eould t>c niininial (for iiiinimul interconnectivity) or lliey could be 
astronomical, relative to current spending by elementary and secondary schools. In the 1992-93 school year, the National Center for Fidiication 
Statistics estimates lhal public and private elementary and sccotuiary schools spent S2K() billion (U.S. Department of Education, Office of 
lidiicalional Research and Iniprovenieiit. National Tenter for p.ducat ion SlMklki^.Dinesliifl-.iliiriilidii Suilislics. / W, table 33. October 199'(). 

Tnie costs will likely vary on both a natiotial and local basi'. depending on what tcclmoliigy plans are devcloiK-d, the slate of current 
scliool infrastructures, leclmolopy costs at tlie lime of implenientation, and other factors. 
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lion estimated to be needed by 2003, any attempt 
to "retool" or provide the entire existing teacher 
workforce with new skills or knowledge will need 
to be done on a very large scale. Most teachers 
have many years of teaching experience (the me- 
dian is 15 years) and, at a median age of 42, most 
attended school before computers were used in the 
classroom. 

Teachers are an incredibly diverse group. Some 
already have experience with technology — com- 
puters at home, for example — while others have 
never even been shown how to "boot one up." And 
some teachers are eager to experiment with new 
ideas even at the risk of failure, while others have 
little interest, energy, or time for experimentation. 
The great majority of teachers probably lie some- 
where in between. 

Technology has been viewed by a few as a frill, 
by some as a distraction, and by others as an in- 
triguing but peripheral component of education. 
OTA finds, however, that technologies offer the 
ability to do many traditional things efficiently 
and quickly, and a way to encourage entirely new 
educational opportunities that may be of vital im- 
portance to the next generation of learners. If these 
learners are to make the most of the investments 
"made in educational technologies, support must 
be given to the teachers who guide and encourage 
its use. 



How can policymakers help to realize a vision 
of schools where teachers effectively and careful- 
ly identify, enlist, and use electronic and commu- 
nications technology to improve learning? 

OTA concludes that if the federal government 
wants to maintain or enlarge its involvement in 
this area, the linchpin of federal policy could be a 
set of initiatives that develop and support technol- 
ogy, and help teachers in their teaching and profes- 
sional activities. When technology is effectively 
harnessed to goals identified by teachers, schools, 
states, and national policymakers, it becomes a 
vehicle for learning that is powerfully attractive. 

One of the principal policy challenges for the 
next decade is to lead by example and by commit- 
ment. The experience of effective technology use 
in classrooms needs to be widely shared, evalu- 
ated and used as building blocks. Resources are 
needed to develop advanced learning products 
(hardware, software, curriculum materials, and 
tools focused on educational applications); both 
resources and farsighted regulation will be needed 
to make electronic communities affordable and 
well designed for schools. Effective policy and 
well-organized private sector involvement could 
create technology options that assure resources 
are equally available across the country, for all 
teachers, for all students, in all schools. 



The 
Promise of 
Technology 
for Teachers 

SUMMARY OF KEY FINDINGS 

■ Although helping teachers use technology well may be the 
most important step to helping students, there are almost no 
hard data on the impacts of technology on teachers; research 
has focused primarily on the implications of technology use for 
students. For information about the ways in which technology 
can help teachers, one must look to surveys, case studies, and 
reports from teachers who are accomplished technology users. 

» The experience of teachers who are adept users of technology 
suggests that technology is not a panacea for all educational 
needs. Nor does it appear that there is one best way for teachers 
to use technology — ^just as there is no one best technology for 
every teacher to use. Instructional goals, teacher experience, 
subject matter or curriculum area, available resources and sup- 
port, and student needs are all factors that affect teacher's 
technology use. 

• Some teachers use technology in a traditional "teacher-cen- 
tered" model of teaching, such as drill and practice for mastery 
of facts and content or as tutorials to supplement teacher-con- 
trolled activities. Other teachers use technology to support dif- 
ferent, more student-centered approaches to instruction, in 
which students conduct their own scientific inquiries or proj- 
ects or engage in collaborative activities, and the teacher as- 
sumes the role of facilitator or coach. The latter kinds of 
teachers arc among the most enthusiastic technology users, 
since technology is particularly helpful in supporting this kind 
of teaching. 

■ Student enthusiasm for technology is a powerful incentive for 
teachers to use it. Teachers who arc technology users often rc- 
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port that technology can make learning more 
relevant to "real" life and more engaging and 
motivating to students. 

■ Some technologies offer a new set of alterna- 
tives to traditional pencil-and-paper testing by 
enabling teachers to record, review, and main- 
tain records of student performance. For exam- 
ple, videotaping a student presentation not only 
provides a recorded demonstration of the stu- 
dent's understanding of the subject at that time, 
but also creates a "living" record of the stu- 
dent's progress throughout the school year that 
can be viewed and discussed by other teachers, 
the student, and parents. 

■ Simplifying daily tasks, such as recordkeeping, 
may be the most immediate way to involve 
teachers with technology. As teachers gain ex- 
perience with technology, they often discover 
ways it can help them carry out their varied du- 
ties better, faster, or more effectively. 

■ Increased communication is one of the biggest 
changes technology offers classroom teachers. 
Technology, particularly new telecommunica- 
tions options, can transcend the walls of isola- 
tion that plague the profession and allow 
teachers to converse with colleagues, the 
school office, experts in the field, parents, and 
others outside the boundaries of the school. 

■ Teachers who arc leaders in telecommunica- 
tions and other technologies are demonstrating 
how technology can be a vehicle for continuing 
formal and informal professional development. 
Many technology-using teachers report a re- 
newed sense of professionalism when they take 
part ill such activities, especially since they 
have little time for face-to-facc collegial activ- 
ity out.side the classroom. Telecommunications 



can provide a means to give and receive support 
from colleagues and enable teachers to expand 
their knowledge in all content aieas. 

INTRODUCTION 

New technologies ' are becoming standard tools in 
American schools. Recognizing the growing role 
of technology in the workplace and in everyday 
life, school reform panels have stressed the need 
to provide students with skills to succeed in an in- 
formation-based economy.^ State and local cur- 
riculum frameworks have begun to incorporate 
standards for teaching students with and about 
technology. School districts are scrambling to 
keep up with ever more powerful hardware and 
software (see chapter 3) and are finding ways to 
integrate technology more effectively into 
instruction. 

At the center of effective use of instructional 
teclinology is the teacher. For students to be- 
come comfortable and effective users of vari- 
ous technologies, teacheri> must be able to 
make wise, informed decisions about technolo- 
gy. However, technology is not a cure-all, nor is 
there one single technology tool or application 
that must be used by every teacher. As one group of 
researchers suggested. "If we abandon the idea 
that technology is a panacea — a magic cure for all 
that ails our educational system — we would ex- 
pect that sometimes technology will make a dif- 
ference and sometimes it will not."-"* All teachers, 
however, should be confident in applying 
technology when and where appropriate. Like 
their students, they should be "fearless" when it 
conies to using technology. 



' Allhouph MiaiiN iKopIc \ icw alucilional ta hmilogy as symiiiv nuius w itli coiiipulcrs, hir the puriioscs of tliis rc|X)n, the OflUc iil Tcchnol- 
ojiv AsM-sstiicnt ailDpts a broailor ilcrinitidii iif educational teehniilopv that includes compiilers, VCRs, tolcvisidiis. tclopliimes, vidcii and still 
cameras, audio devices, calculators and other hand-held devices, mierocomputcrhascd lab einiipnieiit (such as sensor prolx-s and nieasurciiieiit 
devices), videodiscs, CD ROM, satellites, niultinicdia. and leleeotiiriuniicalions networks. 

- See. e.;;., -What Work Reiiiiires of Schools. A SCANS Report lor Atrienca :(Hi(l.- the Secretais •. C onitiiissioti on AJnev inj; Necessary 
Skills (Vvishinpton, PC. U.S. Depaittuent ol l. ilxir. June l^'^l ). 

".lav P. SivMi and I llcn i< Hialo, ■■MtcriKotupitlers atui Related Techtioloi-ies An <)\et\u-«." a tepoit on research ccneriii)- l'»X(> Ihtoiiph 
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How are teachers dealing with the influx of 
technology in schools? How and why do teachers 
use technology? In what ways, if any, can technol- 
ogy help teachers do their many-faceted jobs? An- 
swering these kinds of questions is a complex, 
often frustrating task. Despite the central role of 
the teacher in educational applications of technol- 
ogy, there has been relatively little research on 
how and why American teachers use technology. 
Most research about educational technology has 
focused on the impact of technology on students; 
little attention has been given to its impact on 
teachers. 

Furthermore, although teachers' experience 
and expertise with technology varies, the data that 
do exist about teachers typically focus on a special 
subset — the enthusiastic, pioneering teachers 
who are "accomplished" technology users. Spe- 
cifically, two major surveys assessed the goals, at- 
titudes, and activities of accomplished teacher 
users of technology'* (see boxes 2-1 and 2-2). 
While these data do not discuss technology use by 
the average teacher, or by teachers in general, they 
do offer a vision of how technology can help 
teachers. 

This chapter describes how technology can 
support, enhance, and in some cases redefine the 
job of teachers. The Office of Technology Assess- 



ment has deriveu the information for this chapter 
from multiple sources. These include the afore- 
mentioned surveys of accomplished teachers; in- 
terviews with and observations of teachers 
conducted for OTA under contract;^ site visits by 
OTA staff to schools at every grade level across 
the country;^ conversations with hundreds of 
teachers, administrators, and researchers at con- 
ferences,^ meetings, workshops,^ and over elec- 
tronic mail; reviews of literature and evaluations 
of local technology implementation efforts from 
around the country; and OTA staff experience 
working in and with schools over the last decade. 
While much of the information from these data 
sources is anecdotal, descriptive, and qualitative 
rather than quantitative, together these sources 
paint a rich, multifaceted picture of teachers' ex- 
periences, often in the teachers' own words. And 
while the examples in this chapter are by no means 
all-inclusive, they indicate the varied ways that 
teachers around the country are using technology 
to carry out their jobs. 

It should be emphasized that for teachers to 
realize the potential of technology as described in 
this chapter, certain basic conditions must be pres- 
ent, including adequate hardware, software, guid- 
ance, time, and a school climate that encourages 



•* Karen Shcingold and Martha Hadlcy. Accomiili.shecl Teachers (New York. NY; Bank Street College of Education, 1 990): and Margaret 
Honey and Andres Henrique/. Telecommunication ami K-12 Eclucuiorx: Fimlini;x from a National Survey {Ucv,- York. NY: Center for Technol- 
ogy in Education. Bank Street College of Education. 1993). 

^ See especially, the following OTA Contractor reports: Melindd A. Griffith. "Technology in the Schools: Hearing from the Teachers." Octo- 
ber 1993; John R. Mergendoller et al.. "Exemplary Approaches to Training Teachers To Use Technology." September 1994: Jerry Willis et al.. 
"infonnation Technology in Teacher Education: Surveys of the Current Status" (Section .3: Survey and hiterviews witli Recent Graduates). 
March 1993. 

During the project (July 1993-Dccen)ber 1994). staff visited schools in California, Florida. Io\va. Kentucky. Maiiiv-, Maryland, Montana. 
New York. Tennessee. Viiginia. Washington. Wyoming, and the District of Columbia. Tliese sites were selected because teachers were actively 
using a Variety of different technologies throughout the schools. 

' ['or example. National lulucational Computing ConCcrences, 19XX through 1994; New York .Slate Association for Computers luid 
Technologies in Education. November 1 994; New York Stale Education and Research Network Annual Conference. September 1 994: Califor- 
nia Technology I'sers Conference, Noveintx-r 1994; and Elorida .State Information Technology Annual Conlerence. 1994. 

* OTA l-'otus Group workshops, August 1994; O TA uorksliiip on Technology Implementation Projects, "What Research Repeals About 
Tculiers ami Icclinology." l eb. X, 1994. 
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BOX'2-1: How Computer Use.Changes Teaching; Results of a Survey of 
■ Accomplished Computer-Using Teachers 



In 1990, the Center for Technology in Education sun/eyed teachers who were "experienced and 
accomplished at integrating computers Into their teaching." The 608 teachers who completed question- 
naires included teachers from grades 4 through 12 In all 50 states, drawn from a wide range of public 
schools and comr .mties nationwide '' 

The teachers who completed the survey did prove to be experienced computer users; most (73 
percent) had used computers In their teaching for five years or more, some more than nine years When 
asked about the effects of computers on their teaching, 88 percent of the teachers sampled Indicated 
that computers had changed their teaching. 

What kind of changes did the teachers report? First, many of the teachers Indicated that, using 
computers, they expected more of their students (72 percent) and could present more complex material 
(63 percent) As one teacher wrote. 

I have been able to increase student productivity and enhance laboratory routines by implementing the computer 

as a lab tool Students become better problem solvers and divergent thinkers when they are able to focus their lab 

experiments in tneir own direction using the computer 2 

Second, many of the teachers said that the computers permitted greater individualization in their 
ter.ohing (61 percent) and facilitated more independent student work (65 percent). Seventy percent of 
these teachers felt that the computers allowed them to give greater attention to individual students: 

My lectures are shorter on the topic s covered by the software I let the students set their own individual pace, and 

take responsibility for their own learning It gives me more time to (loat around the classroom and interact with the 

students on an mdiviuual basis ^ 

Third, many of these teachers reported that integrating the computer enabled them to spend less 
time lecturing to the entire class (52 percent), or more time to conduct work in small groups and 
one-on-one with individual students (43 percent) 

I have become more comfortable in the role of facilitator as opposed to a lecturer I am able to encourage children 

to find answers (or themselves as opposed to giving them answers 

Data from this survey also suggest that it took time — five or six years— for these teachers to master 
the use of computers as a multipuipose tool in their teaching. According to the researchers 

[Five to SIX years] appears to be the point at which they [teachers] have a well-organized. workable set of 
practices With this foundation, they canflexibly make choices about using new applications and about using familiar 
applications differently ^ 

' Although inclusive of all remons of the country the sample was not. nor was it intended to be. representative of all teachers or 
schools T he researchers wanlr'd to question those teachers who were known for and experienced m the use of computers m their 
tciv.-hmg To locale such teachers the researchers contacted state and local technology director s. hardware and software vendors, 
professional organizations leading oducatorsand researchers m tfio field, and others and asked them to nominate teachers 'ncog- 
n'zed foi their accomplishments using computers m their teaching The final sample of teacher s was found to be representative of the 
dip"iographiCbof public schools nationwide mterms of school si/e region of thecountry sizeof town or city and ethnic composition of 
'tijdpnt populations The 5a'^[)lc had a stniewhnt hKjher rppresenlannn of high schools and schools from lower income levels 

■' Sft.' Sourer.' IjpUivv p M 
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BOX 2-1 (cont'd.): How Computer Use Changes Teaching: Results of a Survey of 
Accomplished Computer-Using Teachers 



Accomplished Computer-Using Teachers: How Their Teaching Has Changed 



AGREEMENT WITH STATEMENT 

I can expect more from my students in terms 
of their pursuing and editing ttieir work. 

I spend more time witti individual students. 

1 am more comfortable with students 
working independently. 

I am better able to present more complex 
material to my students. 

I am better able to tailor instruction to 
their indvidual student needs. 

I spend less time lecturing to the entire class. 

I am more comfortable with small-group 
activities. 

I spend less time with the whole class 
practicing or reviewing material. 




40 60 
Percent of teachers 



80 



NOTE Based on Ihequeslionnaire responses ol the 494 teachers (88 perceni of the sanple) who reported that computers had made 
a diflerence in their teaching 

Although many of these teachers were highly motivated, and had developed impressive expertise in 
using computers in their classrooms, all of these teachers faced at least some barriers as they tried to 
integrate computers into their teaching The barrier most often cited by teachers was the lack of time to 
develop lessons that used computers. Other significant barriers mentioned were problems with schedul- 
ing enough computer time, too few computers for the number of children, too few printers or other 
peripherals, inadequate financial support, and not enough help for supervising student use of computers 
Why did these teachers persist with this challenging task'? Of 29 possible incentives for incorporat- 
ig computers into their teaching the most highly rated by these teachers vyas that computers became 
a tool for children that works for them in their learning such as writing analyzing data, or solving 
problems " Other incentives rated as impoitant were that computers increased the enthusiasm of the 
students and helped teachers make a subiect more mleresting. these teachers also reported being 
motivated by their own professional growth with a high share noting that they derived "personal 
gratification from the learning of new skills " 

SOURCE Knrcn.Shi'iiiijoKt.inilWarth.iM.idlcv Ac.conii>i,:hril Ti-di .'.i /; li.lmjuil.nq Conninh r.. m'.oCki'.Miioin h'r.idice (Nc\vYorl\, 
NY Contcr lor TochnalrKjy 111 1 duc.-iti in B.i'iK SIri.'cl C'.iillcc)!' 'I rdui .iti si Scptc'ibcr i:)'!0) 
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teachers to use these resources in innovative ways. 
The existence of these conditions is far from com- 
monplace, as chapters 3 and 4 explain in more de- 
tail.^ Chapter 5 discusses whether new teachers 
are being prepared to enter classrooms ready to 
use the technologies at hand. It should be stressed 
that the accomplished teachers whose experience 
is described in this chapter probably make up only 
a small percentage of all U.S. teachers. 

TECHNOLOGY AND THE JOB 
OF THE TEACHER 

It's February, and the 6th grade is at the beach. 
This half of the school year, across all subject 
areas, 6th graders are working on an environmen- 
tal theme. They have chosen four sites near the 
.'school, and every two weeks they return to those 
sites to compile data. Today they are working in 
small groups, collecting samples of plant life, wa- 
ter, and crustaceans to bring back to their science 
classroom for further analysis. They will store 
their findings in a computer database, which they 
can access and u.se in other classes, such as hi.'ito- 
ry or math. 

On the beach, the teacher walks from group to 
group; using a hand-held, pen-based computer, 
she jots down observations about the students as 
they are learning. She can record notes about a 
particular group's work habits or the individual 
learning styles of a student. The teacher can use 
the hand-held device to refer to previous observa- 
tions, recall a student's particular weakness, and 
ask questions to see if that student has gained 
greater understanding of the material or the proc- 
ess. When the group returns to school, as the stu- 
dents conduct experiments and record data, the 
teacher can download hei observations from the 



hand-held device to her desktop computer, which 
is connected to a schoolwide information man- 
agement system. Other teachers can have access 
to the data, too, so if a student is having difficulty 
in a certain area, the teachers are able to address 
the problem together. 

Teachers must carry out many tasks to make the 
learning experience a rich one. They must guide 
and encourage students, provide varied learning 
experiences, keep track of student progress, and 
evaluate student learning. In reality, this means 
they must regularly find and organize informa- 
tion, create lesson plans, grade papers, maintain 
extensive records, and deal with a range of admin- 
istrative duties. And, as with any profession, they 
must keep current with developments in their 
field. 

OTA finds that technology can be a power- 
ful tool for helping teachers with all the differ- 
ent parts of their job: enhancing instruction, 
simplifying administrative tasks, and fostering 
professional growth activities. The experience 
of some teachers further suggests that technology 
can help redefine the role of the teachers, in and 
out of the classroom. 

Although teachers have long accomplished the 
manifold tasks required in teaching without 
technology, some teachers who have learned to in- 
tegrate technology tools into their teaching have 
found them to be useful in ways they had not 
imagined. These teachers describe how technolo- 
gy makes it possible to meet current instructional 
goals or pursue altogether new goals. Some find 
that using various technologies allows them to 
teach in entirely different ways (see boxes 2- 1 and 
2-2). 



'' I'lKipti'T lii.iks at till- aiUDunt Dl tcchnolops present in sehnols today and teachers' access to various technologies. Chapter 4 explores 
some ol the harriers tliat allcct tcchiioloiiy use by teacliers. as well as some models and lessons for how schools can foster more widespread and 
elfccti\c use of tctlinoloj.'> In teachers. 

''■llusisa fictional loinixisite ol \arioiis activities at sites visited by OTA in spring 1^94. However, sucli projects do exist, I-'iir example, the 
(lliibal I'lnnking Priijccl at Cicoigia Stale I Iniversi'v engages teachers and students in collaborative investigations of their local environments 
ami 111 jiliibal ilistussioiis ol cm inniiiieiital issues nsmp a tclcioiniilunicatioiis netwiirk. Hie project is luiiiled tliroiigli the U.S. l iscnhower 
tlii'lier I iliii-.itii)ii pio^rani and the U.S. liiivironmental lYotcclion Agency, 



Chapter 2 The Promise of Technology for Teachers 1 55 



BOX 2-2: Ho^ Teachers Use Telecqmrnunicatioas: Results of a Survey of 
Teachers Who Are Telecom Pioneers 



To understand better how telecommunications resources are being used in schools, in 1993 the Center 
for Technology in Education undertook a survey of K-12 teachers actively involved in using telecommu- 
nications. To find such a group, they posted online announcements on more than 50 educational, com- 
mercial, and state-run telecommunications networks. They also solicited respondents through mailing 
lists, conferences, state education departments, and professional contacts. Of those teachers who were 
contacted in this manner. 550 completed questionnaires ' 

The teachers who responded were an experienced group (83 percent had been teaching for 10 or 
more years) and were heavily concentrated in jobs directly related to using technology in instruction, such 
as computer specialist or library media specialist. Most (82 percent) of the respondents reported using 
computers in their teaching for five or more years, on average they had been using telecommunications 
for professional reasons for more than four years. Almost all (91 percent) had access to a computer at 
home; 73 percent had access to a modem at home 

Teachers were surveyed about the kinds of professional activities for which they used telecommunica- 
tions. The most frequently reported activities were those used for collegial exchange, including sending 
e-mail to colleagues (76 percent of teachers reported doing so) and posting questions or exchanging 
ideas on forums and bulletin boards (62 percent). A substantial number of teachers also reported using 
telecommunications for information retrieval, such as accessing databases that contained information 
relevant to students (51 percent) and databases of educational research (49 percent), downloading 
curriculum materials (44 percent), accessing libraries (39 percent), and accessing information for col- 
leagues (46 percent) A quarter of the teachers responded that they used telecommunications for one of 
these functions every day Fewer teachers reported using telecommunications for administrative tasks, 
such as planning meetings (34 percent) and obtaining schoolwide information (1 8 percent) or attendance 
records (8 percent). This may be because many of the schools in which these teachers worked did not 
have the network infrastructure needed to perform such schoolwide functions. For example, 45 percent of 
the schools did not have a local area network (LAN), and 43 percent of those with a LAN reported that it 
was restricted to one room. 

Teachers were also surveyed about the most frequent uses of telecommunications for student learning, 
which were less regular than teacher professional uses. The most frequently cited activities involved 
students' accessing services and databases, including encyclopedias (57 percent of teachers used them 
with students), news retrieval services (54 percent), weather information (50 percent). Educational Re- 
search Information Center (ERIC) and other educational databases (48 percent), and scientific databases 
(39 percent) Classroom exchange projects were the other major use of telecommunications with students: 
these activities included pen pal exchanges (41 percent of teachers reported using these), scientific data 
collection and exchange (34 percent) and social awareness exchanges (33 percent) Far fewer teachers 
(about 7 percent) reported using telecommunications activities with students on a daily basis. 



' The authors of ttif study report th.at .irross si/c typr of school and Pthnic and economic reprpsiintation. fhe schools in our 
sanple are cciparable to national aver jge', AlthoLigh there is a trend toward rnore suburban sclinois in our sample than is the case 
nationally our economic data suggest that our sample dof.-s not represent more affluent communities In tact, the percentage of 
schools which report thnt Ihoir students roc.oivc troi' or rr'dijr cd price lunchrT, is slightly greater in our sample than is the case nation- 
ally ■ 

(continued) 
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^ BOX 2-2 (coht'd.-): How Teachers Use Telecommunications: Results of a Survey of 
- Teachers Who Are Telecom Pioneers 



How Teachers Use Telecommunications for Professional Activities 



MOST FREQUENTLY 
REPORTED ACTIVITIES 

Sending e-mail to colleagues 

Using forums or bulletin boards 

Accessing relevant student 
information 

Accessing educational research 

Participating in discussion forums 

Accessing information for 
colleagues 

Downloading curriculum 
Accessing libraries 




20 40 60 

Percent of teachers 



80 



NOTE Based on survey respopsfes ol bbO leachRrs who were actively involved in using lelecomTiunications 

More than a third of these teachers reported that they served as telecommunications resource 
people and facilitators for their colleagues Approximately one-quarter reported that they were the sole 
users of telecommunications in their schools; another quarter reported that several teachers in their 
schools used telecommunications for activities unconnected with each other Only one-tentfi of the 
respondents reported collaborating with other teachers in their building on telecommunications activi- 
ties More than half of the respondents descnbed themselves as the principal catalyst for their schools' 
telecommunications activities 

The most frequently mentioned barriers to effective telecommunications use included insufficient 
telephone lines, lack of time in tfie school scnedule. inadequate communication about school and 
district telecommunications activities, and lack of funds to cover the cost of network services 

SOURCE Margaret Honey and Andres Hcnnquej Tfk'Conm\:nication!i ana K- 1 2 [.duailors Findings from d Naliunal Survey (Now 
York. NY Ci "ler lor Technology in Education. Bank Stieel C- .lUKjo ot Eilucalion 1993) 
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In addition, some teachers find that technology 
can enhance their personal productivity. And — 
perhaps the most exciting finding — some note 
that technology can help support their profession- 
al growth and enable them to continue to learn and 
improve their teaching skills. 

There are many technologies available in 
schools today, with a wide range of applications to 
teaching and learning. There is no single best 
technological medium that suits all teachers 
equally well. Some teachers have focused on ex- 
ploring applications of the computer; others a vid- 
eo camera or video cassette recorder. And, in 
growing numbers, some teachers have become en- 
thusiastic about the instructional and professional 
applications of telecommunications technologies 
to reach out to others and to a wide range of re- 
sources. 

Similarly, there does not appear to be one 
best way for teachers to implement technology. 

Different teachers and schools find different rea- 
sons and methods for using technologies. In the 
survey of teachers accomplished in telecommu- 
nications, many were using it to send electronic 
mail (e-mail) to colleagues (two-thirds of those 
surveyed); fewer (approximately 40 percent) used 
it for student pen pal exchanges. 

USING TECHNOLOGY TO 
ENHANCE INSTRUCTION 

Teachers use new technologies for the same rea- 
son they use books, worksheets, and other teach- 
ing tools — to help their students learn. Evidence 
from an array of studies indicates that technology 
in the classroom can have a positive impact on stu- 




Teacher Kameron Conner incorporates technology into tier 
classroom instruction when and where it makes sense. Here, 
a second-grade student records his voice as he reads from a 
book. When parents visit the class, they can hear their child 
reading and record a message back to the child. 



dent learning, in terms of achievement in certain 
subject areas, development of skills, and attitudes 
toward school (see box 1-1 in chapter 1)." 

Although early research tended to focus on "the 
computer" as an independent variable that some- 
how affected the learning process, it is becoming 
increasingly clear that technology, in and of it- 
self, does not directly change teaching or learn- 
ing. Rather, the critical element is how 
technology is incorporated into instruction. In 
a review of research on computers and basic writ- 
ing instruction, for example, the researchers con- 
cluded: 

... the most effective utilization of computer 
software in the basic writing classroom com- 
bines the best of writing instruction theor>' with 
a creative use of computer technology. Only 
well-infoniied, trained and caring composition 



' ' Scc,c.g.,(M..C. KulikaiidJ. Kulik,"l-;Hci-livcni'ss of Coniputcr-Bascd Instruction: An Uptlatcd Analysis," Omi/w/cr.vm //MmaHflc/iai - 
ior. vol. 7, 1991 . pp. 7.'i-94; Ann D. Thompson ct al., "Bducatioiial Tcchnolopy: A Review ol thc Research," Association for Bducational Coni- 
niiinications iuid Technology, 1992; J. Pisapia aiid.S.M. Pcrlmim, Lrarnini; Teclmi'lotiics in the r/a.\sT(KwH. /\ ,V/»(/y()/'/^<'.v«/'.v (Richmond. VA: 
Ixlucational Research Consortium, Dcconilx-r 1992). Hlleii Bialo and Jay P. Sivin, "Report on the Lffectiveness ol Technology in Schools. 
1 990-92, " Software I'ublishers' Association. Washington, DC, n.d.; Stanley Pogrow, "I earning Dramas: An Alternative Curricular Approach 
to Using Computers with At-Risk Students," in C. Wagner (ed.), Tcdmolony in Tihkiy's St hooh (Alexandria, VA: Association for Supervision 
and Curriculum Development, 199()|; and Cheryl M. KMK.I'ri.wnrruifTimc.Kcsiiirch. rc|xirt of ihe National Kducation Commission on Time 
and Learning (Washington, DC: I'.S. (iovenimen'. Printing Office, Scplcnilvr 1994), p. 29. 

Ann D. Thompson ot al.. "l-.ducational Technology ; A Kcvievv of llic Kcscaich." Assdiiatum loi l ilucational Communications and 
leihnology. 1992. p. 4.'. 

'i 1 
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■ BOX 2-3: "The Adventures of Jasper Woodbury". 



In recent years, many researchers and educators have been trying to develop new instructional 
approaches that focus on helping- students learn to think and reason about important, complex prob- 
lems; many are finding that technology caii be a valuable tool in implementing these new instructional 
approaches. For example, researchers in the Cognition and Technology Group at Vanderbilt University 
have developed a videodisc-based set of materials, "The Adventures of Jasper Woodbury," that en- 
gage students in complex mathematical problem solving Central to these materials is a particular 
theory of learning — a "constructivist" approach that emphasizes student opportunities to engage in 
in-depth exploration, evaluation, and revision of their ideas over extended periods. The mathematics 
content and theory are consistent with the kinds of revisions to traditional mathematics curriculum 
suggested by the National Council of Teachers of Mathematics (NCTM).^ "The Jasper" researchers 
have also focused on designing special environments that make learning meaningful to students by 
"anchoring" instruction in a real-life context. Each "case" or problem involves complex situations that 
require students to formulate and solve a set of interconnected subproblems. The essence of the series 
is a set of narrative episodes. In each story, the main character is faced with a complex problem to 
solve (e.g., computing the fuel necessary to fly into the forest to rescue a wounded eagle, or drawing 
up a business plan, using statistics, for a booth at a school carnival) Students are challenged to solve 
the problem using data presented in the story. Teachers are encouraged to have students work in 
cooperative groups to consider alternative solutions to the problems. A variety of supplementary and 
supporting activities allow teachers to use the materials in many different ways in their classrooms. 

Video has been found to be key to the design of these instructional materials, in part, because of its 
capacity to anchor le problem-solving situations in real life situations. "The video is also important 
because it brings the world into the classroom in a manner that motivates students, and it makes 
complex mathematical problem solving accessible to students who have difficulties imagining complex 
situations by reading," the researchers report. 

Research about the effectiveness of the Jasper series indicates that, after a year of using the 
program, students who received Jasper-based instruction outperformed control subjects on complex 
mathematical word problems, as well as on planning and subgoal comprehension problems; they also 
demonstrated significantly improved attitudes toward mathematics 



' National Council of Teachers of Mathematics. Cumcu,'umanc/£va/ua(/onS(anc/arc/s for Sc/ioo/Ma(/iema(/cs (Reston.vA NCTM. 
1989) 

SOURCE Office of Technology Assessment, based on Cognition and Technology Group at Vanderbilt University. "The Jasper Series 
as an Example of Anchored Instruction. Theory. Program Description, and Assessment Data. " Educa.Vona/Psyc/io/ogisr. vol 27. No 
3. 1991. pp 291-315 



instructors will help to bridge the gap between 
technology and humanity.'-^ 

Certain applications, such as the approach tak- 
en in the video-based problem-solving materials 



in "The Adventures of Jasper Woodbury." look 
particularly promising (see box 2-3). 

Although Jasper is just one example of how 
new ideas about teaching and learning can be im- 



' ' M. Valeric (luld and M.l'. IX-inin);. "("umputcts and Basic Writcis. A Ki-si-arLli l'yn\Mc." Jnurmil oj Dcvcloi'iiiciuul I'tlmatiim. vol. 14, 
No. 3. spring 1991, pp. lO-U. 
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plementcd with technology, it also illustrates the 
difficulty of sorting out the "effects" of the 
technology itself. In this particular example, 
many design and implementation features — a 
theory of learning and cognition, particular math- 
ematical goals and skills, varying methods and ap- 
proaches for using the materials in the classroom 
with students — all combine with the technology 
to affect student learning. Additional research is 
needed to develop a deeper understanding of 
which instructional uses of technology are most 
effective and under what circumstances, and how 
teacher interaction with technology plays into this 
effectiveness. 

While improving student learning is a central 
goal, technology-using teachers express enthu- 
siasm for additional instructional benefits of 
technology that may or may not be reflected im- 
mediately in measures of student learning: bring- 
ing a wider range of resources to the classroom, 
motivating learners, providing new teaching 
tools, accommodating individual learning styles, 
and even redefining the role of the teacher. These 
applications — discussed in the sections that fol- 
low — are the most typically mentioned when 
technology-using teachers use words like "trans- 
form," "relevant," "flexible," and "motivating" in 
discussing why they use technology in their class- 
rooms. 

I Bringing New Resources 
Into the Classroom 

As technologies have become more widely avail- 
able, they have made it increasingly easy for 
teachers to access a broader range of materials 
they can use in the classroom. At the most basic 
level the copying machine has allowed teachers to 
make copies of articles, charts, or instructional 
materials from outside sources and share them di- 
rectly with students. Supplementary computer 
tools — such as scanners or digitizing cameras — 
allow teachers to bring in outside sources, enter 
them into a computer, and customize assignments 
for students. For example, a teacher can bring a 
timely article from the morning newspaper into 
class, scan it into the computer in minutes, and 




Telecomunications projects expose students and teachers to 
resources and people that might otherwise be inaccessible, 
often in ways that were unimaginable only a few years ago. 
For instance, the Global Schoolhouse project (above) 
connects classrooms using different technologie... such as 
Cornell University's CU-See Me software, which requires 
telephone lines and a camera mounted near the computer so 
video conference participants can see each other on their 
computers. 

have her students work on rewriting, editing, or 
adding research to the story on the same day. Stu- 
dents can browse interactively or conduct elec- 
tronic research searches in CD-ROM databases, 
encyclopedias, or other reference works. Thus, 
not only do technologies allow access to a broader 
range of instructional resources, but they also of- 
fer students the opportunity to learn to use elec- 
tronic tools to access information and develop 
research skills using the technologies they will 
face in the future. 

Telecommunications creates even broader pos- 
sibilities for transcending school walls and ac- 
cessing a wide range of learning opportunities and 
resources. Today, computers with modems, tele- 
phone lines, and local or wide area networks en- 
able teachers and students to explore worlds 
beyond their immediate reach, such as perusing 
the card catalog at the local library for a list of 
books on a research topic, sharing weather data 
with scientists on a network, or previewing soft- 
ware to see if it is appropriate for a particular grade 
level. 

Many of the teachers who access telecommu- 
nications networks do so after school or at my.hi. 
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on tiieir own time and very often on tiieir own 
dime — but tiiey say it is wortii it. For instance, a 
teaciier in Arlington, Virginia, said tiiat she pays 
for her subscription to America Online because 
communicating with a scientist at a national re- 
search lab is a great way to get ideas for student 
projects or to encourage students in their work.'"^ 
Teachers who use telecommunications re- 
sources particularly mention the ways it can "ex- 
tend the learning environment" for students: 

» "Electronic networks bring real equality of 
education to all students. My inner-city stu- 
dents were learning and participating with pri- 
vate school students who have access to very 
specialized equipment. Through Internet, my 
students were unaware of the social status of 
these students. It was wonderful to watch them 
exchange scientific information with students 
they would be very uncomfortable with in a 
classroom." 

■ "It has expanded our classroom . . . blown 
away the walls . . . filled us with a sense of pos- 
sibility . . . made us less provincial . . . person- 
ally involved us with the nation and the world." 

■ "We're more keenly aware of a world outside 
the classroom, in the sense of being able to 
reach out to information resources and not op- 
erate in a vacuum." 

Telecommunications can connect students and 
teachers — sometimes instantaneously and simul- 
taneously — to poets or politicians, musicians or 
religious leaders, university professors or re- 
searchers on a national supercomputer, or other 



students down the block or on the other side of the 
world. The number of these telecommunications- 
based activities is growing rapidly, in part because 
of teacher and student enthusiasm for the opportu- 
nity to collect, share, and evaluate their ideas, 
data, and writing with classes in other schools and 
states or even in foreign countries. Some of these 
links are initiated by individual teachers on a 
class-by-class basis. Increasingly, telecommu- 
nications-using teachers are finding that connect- 
ing to a "listserv"^^ gives them immediate access 
to classes sharing a common interest in a particu- 
lar topic. For example, "GLBL-HS" is a listserv 
created by two New York teachers for teachers and 
their students interested in discussing world cul- 
tures.'^ Another listserv, called the "Noon proj- 
ect." involves classes at different latitudes where 
students measure the shadow of a meter stick at 
noontime. Based on these measurements and the 
latitude of each site, the classes calculate the di- 
ameter of the earth. 

There are also a number of more extensive cur- 
riculum-based telecommunications projects us- 
ing electronic networks. While many teachers 
have long used project-based teaching'^ and con- 
tinue to do so without technology, many teachers 
are enthusiastic about what technology can add by 
extending the project beyond the classroom. 
These projects have typically been created with 
federal or private support to cover the costs of cur- 
riculum development, organization, and teacher 
support. Some projects, such as the AT&T Learn- 
ing Circle, Kid Link, and the International Poetry 



'■' Bmmic Bract). Aslilawii Ulcmi'nlar\. Arlington. VA, OTA site visit, Dec. 21, 1W3. 

' ■■' Comments t,ikcn troni educators v. lio responded to an online request for information. Oloria Ci. l-ra/icr and Daneen Frazier. Tclnomniii- 
nii tiliom ami i'.ilut ulion: Surfing and Ihc An of Chtini;i- (Alexandria. VA: National School Boards Association, 1994), p. .^3. 

"'Z.;.vf.sfm are lists created on telecommunications networks for discussion of topics of common interest. Some are moderated, with tlie 
(itgani/er guidin;; ,ind frannni; the discussion, hut others are unnuxierated and more fiec form. 

" ,\',m:ACIIM:\VS. vol. 2. No. (). Nov. 29. 1994. p. 7, 

"* TI-RC. "Rev ievv of Research on Teachers and Tclecoinmunicatiims," OTA contractor rcimrt. Washington. DC, May 1994, p. 2.S, 
'" I'uiin I hii\nl ifiH liiiifi relers to teachinj! iictivilies in which students dc\elop skills and understanditii; in tlie context of carrying out 
proiects that reciiiirc llicni to appK these ideas and processes. 
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Guild, center around writing and the humani- 
ties.^^ Most projects, however, focus on science 
and mathematics, reflecting initial developmental 
support from the National Science Foundation. 
They include Global Lab (see box 2-4), an envi- 
ronmental education curriculum primarily for stu- 
dents in junior high and high school; the National 
Geographic Society's Kids Network, which pres- 
ents science topics to upper-grade elementary 
school children; Kids as Global Scientists, in 
which elementary school students around the 
world exchange, compare, and study weather data 
with each other and mentors; and the Weather Un- 
derground, a similar weather study project linking 
students throughout Michigan. 2' Projects such as 
these can supply the focus and boundaries for in- 
teraction and can provide teachers with the con- 
tent, accompanying materials, organizational 
help, and technical assistance they may need to 
work telecommunications into their curriculum 
and lesson plans. 

I Developing New Forms of Instruction 

Some teachers are creating new teaching tools 
with technology that facilitate new forms of 
instruction. For instance, a teacher who wished to 
give her students a better understanding of music 
created a multimedia set of musical instruments 
thsi students could "play." Using Hypercard^^ 
software on her computer equipped with a CD- 
ROM to play sound, she designed her own 
instructional software around a set of musical 
instruments and the sounds they make. Each pic- 
ture of an instrument has a "button" the students 
can click on to hear the instrument's sound. The 
students can play the "game" of recognizing the 




Students can 'play' various instrunrients on the computer with 
MIDI (musical instrument digital interface) software, which 
increases not only the students' familiarity with instruments, 
but can enhance their understanding of the way instruments 
interact. 



instrument by its sound only. It is not the same as 
having the real instruments in the classroom — a 
luxury most schools cannot afford — but the stu- 
dents can "play" the instruments on their own, and 
it is a lot more quiet. According to the teacher, the 
software has been extremely su .cessful with her 
students. "I am already able to see how the chil- 
dren's increased familiarity with instruments car- 
ries over to the music appreciation class," she 
said. "They are beginning to understand why a 
composer might choose a certain instrument to 
convey a particular image or emotion."^^ 

By encouraging students to use computers, vid- 
eo, and telecommunications in tandem with tradi- 



2" AT&T Lcaniinp Circles, based in New Jersey, disccintinuec; Us network at the elosr ot the m'M-y.'i seliiiol year; Kid Link is an internation- 
al dialog based in North Dakota; and the International Poetry (luild is at the University of Michigan, Ann Arbor. 

Global Lab is based alTERC, Cambridge. MA; Kids Network. National Geographic Society. Washington, DC; Kids as Global Scientists, 
the University of Colorado. Boulder; and Weallici Underground, the University of Michigan. Ann Arbor. 

HyperCard is a software program designed to create multiple pathways for moving through a bmly of related material, allowing the link- 
ing together of information following an asswiativc. rniher lliwi linear, train of thought. 

2 ' Rhonda Coleman, niusit tcaclici. ast|iioled in John Stcinnict/. "What Are These lliingsGooil I 'or. Anvway '" technical report for Apple 
Computer. Inc., I'W. p. 10. 
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BOX 2-4: Global Lab: Collaborative.Fiesearch for Teachers and Students 



The Global Laboratory (GL) Project, developed by TERC^ and funded by the National Science 
Foundation, engages middle- and high-school students and teachers in collaborative, hands-on, proj- 
ect-based investigations of environmental phenomena. Global Lab enables teachers to implement in 
their classrooms an advanced form of science teaching that is experiential and process-centered and 
that goes beyond memorizing facts and canned lab experiments. A specially designed telecommunica- 
tions network links classrooms around the world with data exchange and analysis capabilities. The 
network makes classroom collaborations possible on both regional and global scales 

In order to prepare students and teachers for collaborative classroom science, the curriculum uses a 
developmental approach that leads students from carefully supported, skill-building activities to more 
open-ended research investigations. The sequence is designed to introduce students to the process of 
real science, empower them with essential skills for "doing science," and then direct them to their own 
hands-on, real world investigations. The preparatory phase of the Global Lab year is called "Building 
Investigative Skills," and the investigative stage is called "Advanced Research." 

Students and teachers begin with a community-building activity in which classes send information 
about their schools and community to other sites. As they do this, they learn how to manipulate and 
navigate around the telecommunications software. For example, a class in the Czech Republic wrote;^ 

Our town is a very old one It was founded in the 1 3th century and has evolved under both Czech and German 
influences The town is known as the "Pearl of South Bohemia." There are however many factories with smoking chim- 
neys and outflows into the rivers, so we have already had experience with ecological problems So we would be very 
glad to help any research into some of them 

A teacher in Hawaii describes her class's reaction to data it received from other Global Lab schools; 

The students located GL schools on the map . and looked up information about the schools in our cluster Dur- 
ing this time, my class got involved with longitudes and latitudes and made some interesting discoveries about their 
perceptions of where certain cities were! 

The GL curriculum emphasizes the process of science and leads students through a series of 
hands-on activities to introduce them to kev aspects of this process, such as the importance and 
history of collaborative science, the need for calibrations, measurements, standardization, international 
units, and reproducibility: and typical sources of errors Each class selects a local site to study 
environmentally over the school year and they begin to assess its environmental health and quality 
Students start with qualitative obsen/ations of their sites, based on their senses (e g., what do we see, 
feel, hear smell at the site?) Working first without quantitative tools, they soon begin to develop an 
appreciation for the need for scientific instrumentation 

At this point, the curriculum introduces students to low-cost, high-tech tools developed or provided 
by TERC, and then requires them to use these tools to conduct a quantitative analyses of their study 



' TERC. based inCa'nbndcje MA. is c! nonprolit ed'i(;nliOn rest-aich and dovulopTicnl organi/dtion. dedicaled to science and 
math Since 1990. Global Lab ha;; involved over 400 classrooms from 30 countries around the world 

Except as nolccf olhr^rwisp .;ll nuotes art' jll Ijkcn In i-n Berc'niek) Ti'c .hnology and the Now Modi;l of Science Education" (sec 
"Source" bplow) 
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BOX ^4 (cont'd.): Global Lab: Collaborative Research for Teachers and Students 



sites. This model features an activity called "Environmental Snapshots." At the same hour (solar noon) on 
the same day, Global Lab students around the world make an environmental profile of their study sites. 
They measure parameters such as light intensity, carbon dioxide concentrations, air and soil temperature, 
and soil moisture at their study site, then compile their data and exchange it with other schools. They 
compare findings with projectwide data and formulate research hypotheses to explain observed phenome- 
na. The Hawaii teacher further describes the process: 

Then they finally chose which teams they would like to work on I asked the Engineering Team to be responsible for 
taking measurementsofairtemperature. humidity, amount of lightusingaluxmeter.andalsoaradiometer.tomeasure 

pH. and wind speed. Meanwhile, the Ozone Team watched the videotape on how to assemble their devices. The 
Audio Team began writing their introductions . .the Art and Writer Team began musing about their study site ... It 
was a pleasure watching and listening to them comparing notes, discussing their work. 

Students and teachers are then prepared to begin the project's second phase. Advanced Research. 
Each classroom begins an in-depth investigation at their site in one of five research fields including air 
and water quality, environmental chemistry, ionizing radiation and stratospheric ozone, and biodiversity 
and field explorations. A class in Texas explained their choice: 

Our classes chose Environmental Chemif try because we are concerned about the results of local industry and 
agriculture in our water, soil, and air. Also, we would like to know if the recent Hooding has affected the chemical (bal- 
ance) in these areas 

The students discuss their work online with other schools and are encouraged to tap mto local 
resources, outside scientific collaborators, and scientists from TERC After conducting their investiga- 
tions, the students in each classroom prepare a research report and then conduct "peer reviews" of 
other students' reports. An important part of the curriculum is teaching students about the ethics of 
science and the need for and nature of peer review 

Global Lab presents a challenge to many teachers Often, participating teachers are learning content 
and technology use alongside their studonts Furthermore, the open-ended, inquiry-based environment 
IS different from the practices of many teachers To help teachers make the transition to project-based 
pedagogy. Global Lab provides them with tools, materials reinforcing the concept of contextual relevance 
for student learning, a curricular framev^ork. guidance for engaging a class in this model of scientific 
inquiry and collaboration, and. perhaps most important, online support A Massachusetts teacher said. 
It s helped me locus more on the research process and the scientific thinking process, whereas before I think I d 
gotten into the rut . having taught 25 years, of 'ust giving them activities, h.iving them fill out the sheets, and that's it So 
this has forced me to start them thinking abc ut hypothesis and guessing and thinking about what makes an experi- 
ment valid, and all the variables that could lie in the experiment that might affect the data 

A Texas teacher admitted 

The thing was that starling into this pi0|e(,l. nobody knew anything, including myself We had no idea wtiat had to 
be done to study the problem we elected Everybody had to go OLit and research it and it turned out that instead of 
learning it out of a textbook or being lectured about it. we were doing everything by trial and error step by step And to 
me It was more real science than what you normally get in a science class Ivc learned more this year than probably 
in 13 years of teaching science 

(continuedj 
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BOX 2-4 (cont'd.): Global £ab: . Collaborative Research for Teachers and Students 



Although there has been no formal research into the impact of the Global Lab model on teachers, 
preliminary evaluations revealed a great variety in the way teachers implemented Global Lab in their 
classrooms. These ranged from afterschool science clubs to a full science course. 

It IS our core curriculum and from it we build other subjects. When we study water in Global Lab, we study water in 

history, its relationship to wars, and so on, how cities are created on it We use it to write for English and we study 

English from it We take all our field trips connected with it 3 

As a project pioneering new teaching paradigms, Global Lab experiences suggest that giving 
curriculum support based on a developmental model can encourage teaching with collaborative, 
hands-on science investigations. When such pedagogy is enhanced by telecommunications, innovative 
software and hardware tools, and online collegial and expert support, this approach to teaching 
science reflects the kinds of relevant, inquiry-based scientific study recommended in the emerging 
national standards recommended by the science education community'* 



3 See Sources ' below. Tinker and Berenfeld. p 15 

■* See. e.g , American Association for the Advancement of Science. Benchmarks tor Science Literacy (New York, NY Oxford Uni- 
versity Press. 1993) and National Academy of Science. Wa(/ona/Sc/enceeduca(/onS(antfdrtfs fvVasriinglori DC NationalAcademy 
of Science. 1994) 

SOURCES Office of Technology Assessment. 1 995 based on Sons Berenfeld. ■ Technology and the New Model of Science Educa- 
tion The Global Lab Experience. 'Mach/ne-Mec/iarec/ /.earning, vol 4,Nos 2&3.1994.pp 203-227, Barbara Tinker and Boris Beren- 
feld, -Patterns of Use. Global Lab Adaptations." Hands-On.'. fall 1994. vol 17. No 2 (Cambridge. MA TERO.pp 14-15 



tional materials, such as textbooks and other print 
or library resources, teachers can also give both 
their own lessons and student assignments more 
content and depth (see box 2-5). For example, in 
the social studies classes in Montgomery County, 
Maryland.^'^the teachers have been provided mul- 
timedia "MacPacs,"25 to develop lessons based on 
texts, photos, TV or film footage collections on 
videodisc, or other powerful content that cannot 
be found in other media. Teachers also require that 
their students use these resources to create multi- 
media reports. Instead of the traditional approach 
to written reports ("use a minimum three different 
print sources and only one from the encyclope- 
dia"), a teacher can suggest that students include 
clippings scanned in from a newspaper, maps. 



pieces taken from primary sources or family jour- 
nals, photographs, references from the CD-ROM 
encyclopedia, or text with highlighted words that 
correspond to a student-created glossary, in addi- 
tion to the other traditional research materials. 
Students thus must extend their research to in- 
clude a variety of information sources: draw upon 
multiple ways of representing events, perspec- 
tives and interpretations; evaluate which materi- 
als work best for the presentation required; and 
then synthesize this material into a cogent multi- 
media message. 

For example, for a report on Martin Luther 
King, Jr., a teacher in Kentucky has her high 
school students view a full-motion videodisc seg- 
ment of the civil rights leader delivering his "I 



Linda .S|xialcs. social studies rcsdurcc Icadicr. MonlpiinicTy Coiinly. MIX OTA site visit Dec. 14, I'W.V 
-'' ITic "Mad'ac" workslalioiis each include a Macintosh l.l' computer, a CD KOM drive, a level III videodisc player, and a passivc-niatrix 
l.cn display panel (h)i oveilicad projection ol the loiiipulcr screen), liacli dcpailinenl also h.is a -iiiili tclcsisioii. 



Chapter 2 The Promise of Technology for Teachers 165 



Have a Dream" speech.^^ Powerful as the speech 
is, it takes on additional impact when the student 
searches other video materials and discovers pic- 
tures of segregated lunch counters or water foun- 
tains with "Whites Only" signs, views film 
segments of speeches by other civil rights leaders 
and segregationists, reviews documents that sup- 
port Dr. King's statements, and examines evi- 
dence in contemporary news articles that suggest 
whether or not his dream has been met. The proc- 
ess is as important as the product, as students 
develop valuable skills in finding, evaluating, 
organizing, and communicating many types of 
information, using new technologies as well as 
traditional research materials. Although stu- 
dents could go to a library, read books, watch vid- 
eos, and interview people, technology has the 
means to bring together all those original source 
materials in an easily accessible place — such as a 
videodisc or CD-ROM. Students may not other- 
wise have access to these kinds of sources. Some 
suggest that this is what using the technology can 
do best: give teachers the chance to ask and stu- 
dents better ways to find answers to "different 
questions, richer questions, questions that make 
kids think."2'' 

I Motivating Learners 

The nature of new technology-based resources 
suggests, and discussions with teachers confirm, 
that many technology-based classroom activities 
can be motivating to students. Some teachers re- 
port that many students become so involved in 
what they are doing with technology that they ar- 
rive before the first bell and leave after the last bus. 
These teachers suggest that technology can be a 
key vehicle for stimulating learning, primarily be- 
cause it creates environments and presents content 
in ways that are more engaging and involve slu- 




By encouraging students to use a variety of technologies- 
such as video— to supplement the use of more traditional 
materials, teachers make both their lessons and the 
assignments more meaningful. 



dents more directly than do textbooks and more 
traditional teaching tools.^^ Many instructional 
designers have suggested that the interactive ca- 
pacity of new technologies — wherein children 
can actively interact with information and receive 
feedback on their questions or answers — contrib- 
utes to its motivating effects.^^ 

For example, a social studies teacher in Mont- 
gomery County, Maryland, uses a multimedia sta- 
tion (which includes a videodisc player controlled 
by a computer using HyperCard software) in class; 
where teacher questions were previously greeted 
with silence, high school students now participate 
actively in class discussions. The multimedia les- 
son converts her lecture into more of a demonstra- 
tion or slide show wherein she can easily show 
maps, charts, graphs, primary source documents, 
and video clips of news or historical footage. The 
computer technology allows the teacher to stop, 
backup, go forward, or skip to another "file" of 
images as students ask questions. This teacher 
was particularly impressed with the level of in- 



> Debbie Hall. Sliclb> (minis lb;;!! Sdu^il, Sliclln\ illc. KY. ( )TA mIc \ kiI. Apr. IX, 1'kU. 

David Mint/. National C"omcr on Mducation and tbc Lxononi). pt'iMnial <.-oinniiinic,itiim, Aiijiust IW4. 
Tlionipson. op. cit., footnote 1 2. pp II. dS 

ScT, e.g.. David Tli.mibdt^- KillHip the l attcdCalt.-7;;rrm.M» /.,,<Tmm^^^ Si liokivtii . liv. , SeptnuU-r I '»)4), pp. 24-25; 

Riehard Ruopp (cd.). /.(//>,V<-(.- hmar.l o Cmwmmiy I'm, li, c [mkUW.SI 1 .uvu-n.r I ilb.uim Asvuc. l')'Hi. 
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Teachers have found that students working together in small 
groups using technology are often more motivated and take 
greater responsibility for their learning. 



volvement and interest this approach generated in 
students; she reported that they ask more ques- 
tions, seem less afraid to speak out in class, and 
were even talking about it with their parents at 
home. 3^ 

Another example of the motivating effects of 
technology is described by a teacher in an alterna- 
tive high school who reported that he used a soft- 
ware simulation program as both learning tool and 
behavior motivator for his class of ten 16- to 
18-year-old boys. These students, referred from 
their regular schools and placed in the alternative 
school as a last chance before placement in a more 
restrictive educational setting, were often unruly 
and needed to develop social skills as much as 
they needed the academic skills they had missed 
in their earlier schooling experiences. Engaging 
this group was a challenge; yet. almost all were 
enthusiastic when presented with a science activ- 
ity using simulation software. According to this 
teacher, his students loved working with "The 
Great Solar System Rescue";-"" working in teams 



as "experts" — meteorologists, astronomers, geol- 
ogists, and space historians — they were chal- 
lenged to find lost probes in the solar system. 
Working with the packet of expert material pro- 
vided in the software and analyzing visual clues 
from the videodisc engaged their interest and fo- 
cused their attention, and they learned about the 
solar system in the process. When one student be- 
came disruptive in class, his punishment was not 
being allowed to participate with the team for sev- 
eral days. The teacher said it was one of the most 
effective behavior modification techniques he had 
ever used.-'^ 

Some teachers contend that their students are 
more motivated and take greater responsibility for 
their learning when they are engaged in technol- 
ogy-based activities that require them to create 
and share content with each other. For example, in 
the Global Exchange weather-mapping project, 
middle school students work in groups of two or 
three to become "experts" in specific areas of local 
weather. The student "experts" collect data using 
Internet resources such as weather text and imag- 
ery, electronic dialogues with local scientists, 
book research, and other information. The teacher 
observed a higher level of motivation among stu- 
dents on the Internet compared with students not 
using telecommunications. "I could see the kids in 
the Internet classroom were more motivated to 
learn the material because they knew they would 
be sharing it with other kids their own age," she 
said, "and I think that the idea of sharing it with 
their peers was a . . . very good motivation for 
them."-'*-'' 

I Individualizing Student Learning 

Teachers who use technology also report that it 
can be used to help them individualize instruction. 
This has been one of the greatest appeals of inte- 
grated learning systems, computer and software 



'" Spoalcs, (ip. I II,, liuilnoli- 2A. 

" The Circit Solur System Rescue." Tom Snyder Produelions, Cambridge. MA. 

Kolx-rt Martin. UlX l-.S. West Nyaek, NV. personal eoniniuniealion, Nincniber 1 W. 
" Naiie> n Sonjier. -Knowledge C-onstruclioii Throupli (llobal lixehanpc and Dialopue. A (. ase ol Kids as (iloKil Scieiilisis, " Univeisi 
ol C-ol,>rado, Houlder, iW. p, .^0. Clk.bal liu-lianpe is pan ol a larger project called "Kids as (llol.al Scientists." 
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Bp^ 2-5: "Dear President Hoover*' 



In a Kentucky high school history class, the teacher instructs her students to write a letter to President 
Hoover to try to convince him that the Depression is not over. Before class, the teacher goes to the school 
library and checks out a videodisc player and a videodisc, called History in Motion.'^ for her students to 
use during class. For research to support arguments in their letter, the students can \\atch the videodisc 
to get a feel for the era in which Hoover was president. 

The students use technology to see history as it happened; video clips of "flappers" dancing up a storm, 
followed shortly afterward by unemployed people on bread lines. One student takes the remote control and 
replays the sequence, freezing the frame on the bread line and confirming with another student that "this 
is the same decade?" It is the student's ability to access at the touch of a button the image of a bread line, 
the teacher says, and also to replay and discuss meanings of this powerful image, that points to the real 
difference between technology-based resources and print. In a textbook, the bread line doesn't shuffle 
forward while students watch the pained expressions on the faces of real people reaching for food.2 

The teacher also has Time magazine archives cn CD-ROM in her classroom so students — ^working in 
teams of three or four — can peruse and download articles that give credence to their claim that the 
Depression is not over. The availability of a product such as the Time CD-ROM not only provides more 
information but gives the teacher more opportunities to ask different questions, questions that challenge 
the students to investigate a topic in greater depth and think about the implications of the information they 
are now able to access Students can also read other students' letters from previous years' classes and 
use any typical resources, such as textbooks, to prepare the assignment. This history class— combining 
traditional and technology-based approaches to research, communication, analysis, writing, and collabo- 
rative learning — connects the students to new resources and information in a way that not only captures 
their interest, but appears to encourage and support their participation m learning. 



' History in Motion is published by Scholastic Software. New York. NY 

2 Debbie Hall. Shelby County High School. Shelbyviile. KY OTA site visit. April 1994 

SOURCE Office of Technology Assessment, based on Shelby County High School Shelbyviile. KY. site visit. April 1994 



systems that correspond to curricula-''* and can be 
presented to each student in a class based on his or 
her abilities. The student can work on the materi- 
al — often called "drill and practice" — until reaching 
a level of mastery, at his or her own pace. Reports 
produced by these systems give the teacher a re- 
cord of what areas were most difficult for each stu- 



dent, so that extra assistance can be given in those 
particular areas where the student needs help. 

Technology has been extremely helpful in rev- 
olutionizing individualized instruction for special 
education students, many of whom are now being 
served in regular classrooms.-'^ Hardware, soft- 



-'■* Curriculum refers lo the courses offered by an educational inslitutiiin (plural, curricula). Most schools have prescritx:d curricula teachers 
must follow throughout the school year and on which students are tested as tlie basis for passing a course or getting credit for it. 

Special education programs serve children with disabilities that indurJe autism, deafness and hearing impairments, mental retardation, 
ortliopcdic impairments, other health impairments, serious emotional disturbance, sijccitlc learning disability, speech or language impairment, 
tniumatic brain injuty, and visual impainncnts. The F.ducation for all Handicapped Children Act (["ublic l.iiw S'4- 142). renamed the Individuals 
with Disabilities Education Act (IDEA) in 1990, guarantees that children with such disabilities he served in normal classroom settings to tlie 
maximum extent possible. 
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ware, and assistive devices can help special educa- 
tion students progress in their learning and 
communicate their knowledge to others in new — 
and accessible — ways. For example, scanning de- 
vices convert text into speech so visually impaired 
students, in particular, can hear the content and re- 
spond to questions. An expanded keyboard with 
extra large keys or a touch-sensitive screen at- 
tached to a computer monitor are alternative input 
devices that help students with motor control dif- 
ficulties use the computer without struggling with 
a mouse. Even a word-processing program with a 
spell-checking feature can ease the frustration for 
students who have difficulty with handwriting or 
spelling so they can progress to deeper levels of 
understanding the subject matter. As even more 
devices are developed to enable special education 
students to learn in innovative ways, it is hoped 
that teachers will be better equipped to provide ap- 
propriate instruction.-^^ 

Some technology tools, like the Algebra Tu- 
torP enable a teacher to track the paths a student 
takes to reach a solution to a problem, helping the 
teacher understand where the student is confused 
and needs help. Other applications such as Text- 
Browser.3^ word processing, and databases, can 
provide a "window into the student's thinking, in- 
quiry, and problem-solving processes (giving) 
teachers access to students' misconceptions, the 
ways in which they sort and categorize informa- 
tion, the relationships they form among ideas, and 
the conjectures they make."-^'^ 



While this look into the mind of the individual 
student is enlightening, it remains a nearly insur- 
mountable challenge to find ways to draw upon 
this insight and work with each individual student 
in a class of 20 to 30 students, all needing the 
teacher's attention (see chapter 4). Some teachers 
report that using technology can allow them to 
structure their classroom activities so that stu- 
dents work more independently, sometimes in 
small groups. This may allow the teacher more 
flexibility to organize time to better meet individ- 
ual student needs. While there are examples of 
how some teachers work with limited availability 
of technologies, clearly a more systematic under- 
standing is needed of the factors that lead to suc- 
cess in such situations. 

For example, in some cases, teachers have used 
technology as a tool for setting up activities in 
which students work in teams where their roles as 
members of the team are designed to draw upon 
their personal strengths and interests, to help them 
find areas where they can succeed and develop 
self-confidence. For example, in a school in San 
Diego'^ the students create adventure games for 
projects called "Microworlds." Based upon an- 
cient cultures, games such as "Exploration in the 
New World in the 1 6th Century," are created using 
HyperCard. Teachers organize students into teams 
of researchers, graphics designers, project manag- 
ers, programmers, and so forth; as students devel- 
op their budding expertise in these areas, they are 



Sec, c.g..Thomas Wall and Jessica Sicgcl. "All Included: Inclusion of. Special Education Children in Ri-guiaiClassroomsCannot Happen 
Without Technology." Electronic Learning, vol. 1 ^. No. 6 (New York. NY: Scholastic. Inc.. March 19y4), pp. 24-.M; also, Carol S. Holzbcrg. 
"Technology In Special Hducalion." Terhmiloxy ami Lcdrnini; (Davlon. OH: April \W4), pp. 18-21. 

" "Algebra Tutor" was developed by John R. Anderson. Camegic Mellon University. Pittsburgh, PA. with funding from the National Sci- 
ence Foundation. Washington, DC. 

D.M. Kurland, "Textbrowsc-r: A Coinputcr Bascd liistnictioiial Management and Assessment System lor Language Arts Instruction." 
Newton. MA, Education Development Center, iy91. 

Barbara Means, John Blando. Kerry Olson, and Teresa Middlelon. SRI liitci ii.itioiial: anil Calliei inc Cobb Morocco. Arlciie R. Rem/, and 
Judith Zorfass. Education Development Corporation. ll\in>; Tcclmdhay Tn Siinxiri IuIik auon Ri lnrm. report lor U.S. Dcparlmeiil of Educa- 
tion (Washington, FX'. U.S. Ciovemmeiit Printing OITice. I'W.*). p. ii'). 

*' O'l-arrell Community School. Center for Advanced Academic Studies, San Diego. C"A. Based on presentation by Roland I. Carcia, 
Educaliimal Technologist, at Society liir Technology ami Teacher Educaiion Coiifereiicc. San Diego, ("A. March 1 W.*. 
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called upon to teach others and contribute to the 
success of the project as a whole. 

I Redefining Teachers' Roles 

When technology is integrated into the curriculum 
in a comprehensive way, and when teachers feel 
comfortable and confident about using it, myriad 
changes occur that may ultimately redefine the 
roles of teachers. One teacher echoed the opinion 
of many when she said: "I've gone from being the 
'sage on the stage' to the 'guide on the side.""*^ 
While some teachers have always taught in this 
way, others report that the change to a coaching, 
facilitator role can be daunting, especially when it 
requires them to venture beyond the teacher-cen- 
tered lecturing or presentation model they experi- 
enced as students themselves or in their teacher 
preparation. Nevertheless, many who take on 
these "new" roles find the change is welcome, pro- 
found, and often necessary. 

A teacher in the National Geographic Kids Net- 
work project summed it up this way: 

. . .1 no longer spend most of my time stand- 
ing in front of my class and lecturing or having 
the students read from a textbook. I have be- 
come a facilitator, stage director, resource man- 
ager, master learner, discussion leader, observer, 
and evaluator. For me this change has been re- 
freshing, enlightening, and long overdue. My 
students too have changed. There are no longer 
textbooks or tests with right or wrong answers. 
They have become collaborators and teachers. 
They have become scientists making predic- 
tions, developing hypotheses, and analyzing 
data. And they spend their money buying school 
pencils, folders, and banners to send to their pen 
pals.''^ 

Teachers al the Open Charter School in Los An- 
geles found that their roles were shifting as 
technology integration took over the school. The 




Some teachers use technology to tailor instruction to an 
individual student's needs or to structure classroonn activities 
so students can work more independently 



Open Charter School received enough technology 
to make available one computer for every two stu- 
dents. One teacher described the change she has 
gone through as she has grown more comfortable 
in using technology: 

I don't do things in the same way that I did 
them before. I have had to become very inven- 
tive when looking for ways that I think the 
[technology] tool fits best for children. My goals 
changed, because I looked not necessarily at the 
outcome, but the process by which they were 
getting there.''-^ 



■»! Bonnie Braccy. Arlington Public Schools, on "Tlic Digital Cla-'-rmm." WORLDNCT television program. Washington. DC. United 
States Information Agency. Oct. 26, 1944. 

« Joan Bisscll et al.. Nutiimul Geo^rai>bic KuU .\',work umll.unmmKi- Mw'rit) Slu.lnUs: The the and Mciplatitm of the Hello! Teleeom- 
municalions Unit in Californm Public Schools (IrMne, CA: Department ol l-:ducation. University of California. July l'W4), p. 24. 
Sleinnict/, op. cit.. fixit.iotc 2.1, p. 2.^. 
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Teachers' roles are often redefined in classrooms wfiere 
tecfinology tias been successfully integrated. Some teactiers 
report ttiat ttiey see ttiemselves as learners alongside ttieir 
students wtien tecfinology is used. 



Teachers at the school also said that by becoming 
learners themselves, they had developed greater 
empathy for their students. Said a teacher, "After 
struggling to learn [HyperCard] programming, 
now I'm more likely to suggest and provide alter- 
natives instead of answers, so children can discov- 
er their own answers.'"''* 

At least part of the teacher's new role as "guide 
on the side" involves admitting to themselves and 
to their students that they don't have all the an- 
swers. In other words, one new role for the teacher 
is as a learner alongside the students. In fact, an 
unexpected side effect of technology use is that 
students, who are often more comfortable with us- 
ing technology than their teachers, end up helping 
the teachers. One journalism teacher, initially in- 
timidated by computers, found that her students 
had a totally different view of technology than she 
did. She described her "turnaround" this way: 
"Teachers tend to read the manual and say. 'This is 



what the computer can do.' Students tend to say, 
'It's a computer, it can do anything.' This is one 
thing I've learned, and I learned it from my stu- 
dents.'"*-^ This teacher gained a new way of think- 
ing about the technology (it could be 
manipulated), the students (they could teach the 
teacher), and herself (she didn't know everything 
after all, and that was fine). Could this change 
have occurred without technology? Perhaps. But 
she maintained that, as a journalism teacher, she 
would be remiss in her teaching if she failed to ex- 
pose students to technologies now commonplace 
in her field. So she has let the students help her 
with vhe technology, while she teaches them the 
techniques and craft of journalism.'*^ 

In the Olympia Washington School District, 
students are equal partners with teachers in learn- 
ing about technology applications. The director of 
technology described the district's approach: 

Students often introduce technological in- 
novations into the classroom and work with 
teachers in developing course content and goals. 
The result is that often initial [technology] use 
by teachers does not mimic current teaching 
practices. We have found that using students as 
technical resources pays better dividends than 
teachers depending on colleagues. Kids take to 
technology faster than teachers, are more readi- 
ly available, and the children's self-esteem is en- 
hanced by being a mentor to a teacher. The 
Olympia School District does not give any 
technology workshops to teachers. Most work- 
shops are given to students and they are taught 
how to pass this knowledge on to administrators, 
teachers, and other students. When teachers are 
involved in a technology workshop, they must 
bring a student in their class, and together they 
learn the skills. The pair pool their strengths, and 
exciting things are happening in the district's 
schools.'*'^ 



Ibid. 

Kitty Sll.irbcr, Shclhs Cnintv Hifli SiIkidI. SliclhsMlle', K")', OTA mIi' mmI. Apr. IX. I'l'l-l, 
^ Ibid. 

Dennis Harper. Dircctiu iinVihiioldpy. Olympia Sihixil llistriit. Olsnipia. WA. personal ii)niiininiiali'.!ii. August 1994. 
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ASSISTING TEACHERS WITH 
THE DAILY TASKS OF TEACHING 

Teachers are asked to do a lot in the time they 
spend inside the school building — then they 
spend additional hours at home working on 
school-related projects and materials. According 
to data from the U.S. Department of Education, 
teachers spend 35 hours a week on average per- 
forming their required duties in the school build- 
ing. Beyond these required school hours, teachers 
report spending an average of three additional 
hours with students — for example, coaching, tu- 
toring, and supervising extracurricular activi- 
ties — and eight more hours a week doing work 
activities without students, such as preparing les- 
sons, grading assignments, and attending meet- 
ings. In 1990-91, teachers in public secondary 
schools were responsible for an average of five 
class periods a day. each with an average of 23 stu- 
dents. Public school teachers who were responsi- 
ble for a class for a whole day. such as elementary 
teachers, were responsible for an average of 25 
students.'*'^ 

Technology offers alternative — and sometimes 
time-saving — approaches to many day-to-day 
functions that eat up teachers' valuable time and 
energy. Teachers who arc comfortable using 
technology indicate that it can help with many im- 
portant daily tasks, such as keeping records, as- 
sessing student learning, preparing and evaluating 
curricular materials, and increasing communica- 
tion with students, colleagues, and parents. 

OTA finds that teachers, like all profession- 
als, tend to use technology when they can see 
how it will help them become more productive 
or do their jobs more professionally. Teachers 
use technologies in ways that are most valuable 
for them, whether to record grades or videotape 
the performance of a school play. 



Evidence for how computers can support and 
enhance the job of the teacher emerged from a 
four-school pilot project in Indiana in which every 
teacher was given a computer and training to use 
it. Two years into the program, teachers reported 
that use of the computer had allowed them to be 
more efficient with the time they spent on admin- 
istrative tasks, to produce work that was more pro- 
fessional, and to be more confident about 
exploring the many potential educational uses of 
computers (see box 2-6). 

I Keeping Records 

As OTA observed in site visits, gradebook or other 
recordkeeping software can provide a "hook" that 
gets otherwise reluctant teachers interested in us- 
ing technology tools. Most teachers spend large 
chunks of their time maintaining records, often 
detailed ones, of student scores on tests and 
quizzes, daily participation, homework, behavior, 
and other factors. Computerized gradebook pro- 
grams are set up as spreadsheets; each time a new 
grade is entered and weighted (e.g., homework as- 
signments, class participation, quizzes, major pa- 
pers, and midterm tests), the software can 
automatically recalculate each student's grade av- 
erages. The teacher can print out the student's 
grading history and use it as a vehicle for discus- 
sing with the student or parents what that student 
needs to do to improve ("your quizzes were fine, 
but when you failed to turn in those homework as- 
signments it really pulled your average down"). 
One high school math teacher, for instance, regu- 
larly uses an electronic gradebook to counsel stu- 
dents one-on-one about problems as they occur, 
and she offers to show every student his or her cur- 
rent grade average after each quiz or test. "When 
you have a quiz a week," she said, "it's too late to 
tell them [handing back a previous quiz] that they 



Naticnial (.'riiKT for 1 iluc^ition StalMics. .SWioo/s ,(«,/. S7(i//;'n,' ni //» ( umJSuiU '^tdlnliuil I'rclilc. / WO iWasliinjilnn. IX". I'.S 
Department nl Ixluiatimi, luly p. 51. 
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BOX 2-6:. What Happens When Every Teacher Gets aDomputer? 



As part of a pilot project funded by the state of Indiana, four small schools — three secondary 
schools in rural locations and one small elementary school in a suburban setting— received grants to 
acquire computers for the personal use of all teachers (as well as administrative staff) and to provide 
training for staff on the basic software provided. The project— "A Computer for Every Teacher"— was 
just that; all teachers in each school had to agree to participate and, in return, received a computer and 
printer for their own use either at home or in school (wherever they chose to keep it). 

An evaluation study was conducted of the project in the spring of 1992, after the teachers had had 
their computers for two school years. The evaluation of this program found three areas of particular 
impact: teacher productivity, professionalism, and empowerment.^ 

Productivity. Teachers and administrators reported substantial improvements m their productivity, 
primarily in completing administrative and management tasks. Teachers recounted spending the same 
amount of time on class preparation and administration, but accomplishing more. Teachers reported a 
side benefit, the electronic gradebook made it possible to update grades daily This permitted teachers 
to provide more information to the students about their academic standing and what they had to 
accomplish to achieve a higher grade, improving student motivation and achievement. 

Professionalism: According to the teachers and administrators who participated, the availability of 
computers and printers tended to improve the appearance and even the quality of materials they 
prepared. Class handouts, tests, flyers, and letters to parents were perceived as looking more profes- 
sional and reflecting well on the school. Moreover, teachers perceived themselves as more competent 
because they could apply the computer to accomplish professional work Some teachers in each 
school became "experts" on particular programs or aspects of software— such as mail merge— and 
gained the respect of colleagues, who often turned to them for help And by being placed in the role of 
learner as they received training about the computer, several teachers said they were impelled to 
reconsider their instructional approaches, curriculum, and pedagogy 

Empowerment According to participants, learning to become proficient on the computer was 2 
great equalizer among the faculty and between faculty and students. Teachers now felt as comfortdble 
and proficient with computers as their students They felt secure in suggesting computer applications to 
their students and willing to learn from them as well The staff of each school reported a sense of growth 
and collegiality that emerged from the process of learning to use computers together They doscnbod 
pride in their school for becoming leaders in the use of computers in education. 



' Teachers and staff completed a questionnaire before the program began in 1990 In the spring of 1992 researchers made site 
visits to each school and conducted interviews with most of the participating staff Each teacher was given a diary form and was 
asked to complete a log of all uses of the computer for four randomly selected days over a two weel^ period in May A followjij curs- 
tionnaire was also distributed to all staff. 88 percent of them completedthir. Questionnaire A final debriefing sessioi'i was held /.ilh ine 
four school-site coordinators in late June 1 992 

SOURCE S Rockman el al . Productivity Professionalism and Empowprr-nont Givpn .i Corrirjutcr for Kvpry T^jriT;! " report pre- 
pared (or tho Indiana Department of Educatian October 1992 
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need a 96 on the next one to get an 'A.""*^ Elec- 
tronic gradebooks can therefore become a teach- 
ing tool as well as a personal time saver, an 
additional benefit teachers find useful.^^ 

In schools in which the central office and teach- 
ers are linked by a local area network with access 
to databases of student records and management 
software, these programs can make it simpler for 
teachers to work together or with their department 
head or principal to analyze student work, reex- 
amine course goals, and adjust the curriculum or 
instructional approach when needed. For exam- 
ple, at Piscataquis Community High School in 
Guilford, Maine, a teacher who sees that a student 
is having trouble in class can call up a central 
grade record file from the computer on his or her 
desk to see whether that student is doing poorly in 
other classes. If so, the teacher will send an e-mail 
message to the student's other teachers to discuss 
the student's difficulties and decide what actions 
are necessary, such as notifying the counselor and 
setting up a team meeting with the student's par- 
ents. Because every teacher in the school has a 
computer with access to the instructional manage- 
ment software, they use the technology as an "ear- 
ly warning system," allowing for intervention 
before student problems become too entrenched. 

I Assessing Student Learning 

As noted in the 1 992 OTA report. Testing in Amer- 
ican Schools: 

A quiet, but dramatic, transformation is oc- 
curring in education as researchers and practi- 
tioners rethink basic beliefs about teaching and 
learning. These research findings and the 
instructional theories they have spawned raise 
serious challenges to traditional classroom orga- 




Some teachers are using technology to maintain and update 
electronic portfolios of student work. As more schools explore 
alternative forms of assessment, technology offers teachers 
new ways to quickly and efficiently record and respond to 
student performance. 



nizational models, to conventional curricula, 
and, in turn, to existing forms of testing.^' 

One of the greatest challenges of alternative 
forms of assessment, such as performance-based 
assessment, is keeping track of rich but extensive 
histories of student performance. Some teachers 
are using technology to meet this challenge — 
maintaining electronic portfolios of student work 
on disk, saving hard copies of work that students 
create on the computer, or requiring students to 
demonstrate competence and understanding 
through multimedia or other technology-based 
presentations (see box 2-7). Performance assess- 
ment methods, especially when supported by 
technology, help teachers diagnose student 
strengths and weaknesses and adapt instruction 
accordingly, provide students with immediate 
feedback on their performance, let teachers record 
and score multiple aspects of competence, and 



I.isu Murtcll. I'iscutaquis C'dnimunity High Schmil, GuiUbril, MI'.. OTA site visit, Apr. 2. IVM. 
''" See. e.g., S:ml Rockiiiaii ct. ul.. I'miliiclh-iiy. I'rofcssioimlism and HmjioKcrmrnt: ( U\en A Comimlfr (or lAiry Tcarhi-r. icporl prepared 
for the Indiana Dcpurlmcnt ol liducutinii. October I W2. Also. David Stanton. "Gradehooks. Hie Next Generation." IM lronn l.t arntnn (New 
"Idik. NY: Scholastic, Inc , Scptenibc-r IW4). pp. 54 .'^K. 

U.S. Congress. Olfice ol Technology Assessment, Tistmii m Amvriam Sclumh: A\Um: llu KikIii Om'stum. OTA Sl-.T S ly (Washington, 
IK'. U.S. (iosenuncnl I'rintini'. OITicc. l ebniarv l'W2i. p. 45. 
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BOX 2-7; Technology Tools for Teacher Productivity 



As part of a long-range, school-reform effort, the Florida School Year 2000 Initiative, Florida educa- 
tors designed a specialized "teacher productivity tool." Working with teachers across the state, the 
state education department, in cooperation with Florida State University's Center for Educational 
Technology developed a technology tool designed to flexibly and efficiently address the grading, 
recording, and information retrieval aspects of teachers' jobs. 

The tool— Tycho" Teacher Information 
Manager^ — is a combination of Information 
management software, a pen-based hand- 
held computer, a central host workstation, and 
data communications software. Currently, 150 
teachers, mostly in grades preK-2, in 20 Flori- 
da schools are using Tycho~ to create re- 
cord, and summarize student observations, 
report to parents, and keep track of student 
progress. In Leon County, Florida, the school 
district has purchased 1 ,000 units of a differ- 
ent platform, Apple Computer's Newton Mes- 
sage Pad teamed with a Wings for Learning 
product called "Learner Profile" in another pi- 
lot of "smart" handheld devices for student 
assessment. 2 Teachers using these devices 
can save lists of selected skills and enter cor- 
responding assessment Information for more 
than one student at the same time. 
The convenience and flexibility of a hand-held device is obvious as teachers walk around the class- 
room (or wherever learning is taking place) and record Information immediately For example, a teacher 
can walk through a class In session with the tool In hand and record what the students are doing as they 
are doing It. later, that information can be downloaded onto the teacher's computer for more thorough re- 



' Software was developed and marketed by American Management Systems, Inc . Fairfax. VA Tyclio software runs on a variety 
of Windows-based mobile computing platforms teactiprs in Florida tested Tyclio on a Fujitsu fiand-lield pen-based device 
^ The Heller Report. December 1994 p 4 




In Florida, teachers designed their own tool— the Tycho " 
Teacher Information Manager— a handheld, pen-based 
computer that helps them to create, record, and summarize 
student observations, leport to parents, and l^eep tracl^ of 
student progress. 



maintain an efficient, detailed, and continuous 
history of the student's progress. -''^ 

For example, some teachers use video to help 
make objective records of student performance 
and growth. A teacher can videotape a student pre- 
sentation, speech, demonstration, or performance 
and review it later, several times if necessary, to 



analyze and evaluate the student's performance. 
The teacher and student can view the tape together 
and discuss progress or areas of concern. The tape 
can also be stored and revisited later in the year to 
sec how far the student has progressed or to share 
the demonstration with parents. 



Ibid. 
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f BOX 2-7 (cont'd.): Technology Tools for Teacher Productivity 



cordkeeping and analysis of student progress. Such products^ can also prompt teachers to pay attention 
to individual student learning styles by reminding them of previous observations (e.g., accessing the file 
for a student named "Jimmy" would show the teacher an observation she made previously that she thought 
was important to the student's progress, such as: "Jimmy is learning to work well in smaller groups"). 

Teachers who use such technology tools say that ultimately it makes their daily work easier, more 
efficient, or more productive so time can be better spent addressing students' needs. Even teachers 
who don't use these kinds of tools seem to understand the potential: a 4th-grade teacher in Indiana 
says the tools could help her prepare student progress reports required by the school teacher on every 
student every three weeks. Presently, she needs a week just to get the records together to produce the 
reports. If technology could help her organize all that information, the teacher says, she would have 
more time and energy to devote to her students when they need it most — as they are learning.* 



3 Other products are available commercially, such as the CSL Profiles in Hand, an observation and recording tool, developed by 
Chancery Software Inc . Bellingham. WA. that uses Macintosh computers and the Apple Newton MessagePad The Learner Profile 
from Wings for Learning. Scotts Valley CA uses bar codes so the teacher can walk around the learning environment and scan in bar 
codes that represent learner outcomes or teacher-specifisd skills to measure progress and achievement 
Doris Zimmerman, teacher. Shelbyv'ille. IN, personal communication. October 1994 

SOURCE Office of Technology Assessment, based on information provided by the Center for Educational Technology f^londa Slate 
University. Tallahassee. FL. October 1994 



Many schools are calling for students to main- 
tain portfolios of student activity, throughout a 
year or over several years.-''-^ These can be exten- 
sive documents. Storage of these materials 
(whether drafts of work over time, collections of 
pictures, test scores, reports, journal entries, self- 
assessment, or other items) on CD-ROM makes 
them more convenient to maintain, access, and 
update, and saves scarce storage space in class- 
rooms and school offices. 

I Preparing Curricular Materials 

Preparing materials for daily lessons is one of the 
largest parts of the teacher's day. Some teachers 
are using new technologies to help them preview, 
access, create, and incorporate new materials into 



their lesson plans. 'Word-processing software, 
combined with printers, for example, have proved 
valuable tools for teachers when preparing work- 
sheets, creating tests, and updating lesson plans. 
Teachers take pride in being able to use programs 
like spreadsheets and word processors to produce 
professional-looking documents. As ore high 
school journalism teacher says, with "tlie right 
computers and software, the school newspaper ac- 
tually looks like a newspaper, not a student publi- 
cation."^'^ 

Often it is the school media center where video- 
disc players, VCRs, computers with CD-ROM ca- 
pabilities, and other hardware are available, along 
with collections of software and programming for 
preview or classroom use. For instance, a teacher 



I'or cxiiniplc, sliiti-s such ;is Vinnont iicnv require student portfolins us an altenialisc form of assessment. Likewise, some seliools have 
lolUnved suil.ineUnJinpWebstei i:ieiiientary Seliool. San Aupustine, I'L. anil ()'l'arrellC"i)iiiiiiunity Seliixil.Snn Diepo.CA; txitli reiiiiireonpo 
inp s'udent portlblios. 

Sliarlx'r, op. til , footiiiite 4S. 
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Multimedia stations with any combination of a computer, 
videodisc player, VCR. television, or CD-ROM can be used by 
teachers to preview and prepare materials for classroom use. 
A computer connected to a videodisc player with a bar code 
reader for example, simplifies customizing classroom 
presentations 



might go to the school media center, review the 
teacher's guide and table of contents in a product 
like the "Windows on Science" videodisc,-''-'' and 
enter the code numbers for a particular segment 
she is teaching (e.g.. how animals adapt to their 
environment). She can review the segment, 
choose parts she wants, and use a barcode scanner 
to capture that sequence and play it back in the 
classroom. Teachers at the Open Charter School in 
Los Angeles, for example, use computer-con- 
trolled videodiscs for customized presentations to 
students. They preselect film clips or images they 



want to show and stop the presentation at any 
point for discussion. As one teacher said, "I can 
talk to kids and tell them about things — like the 
capability of sea stars to flip over — but now I can 
show them. I don't need to watch an entire film to 
get to the part I want to see. And the students can 
go back and watch it over and over."^^ 

New telecommunication technologies enable 
teachers to access information from a variety 
of sources — universities, schools, government 
agencies, or any organization that has a publicly 
available database. From the electronic files in the 
database, teachers may access documents, such as 
written reports, lesson plans, or research papers; 
graphic images such as weather maps and satellite 
or still camera photographs; or other kinds of in- 
formation. In fact, information retrieval is one of 
the most common purposes for which teachers use 
telecommunications.^^ 

Teachers who use telecommunications empha- 
size several advantages of electronic information 
retrieval. They can find sources of information 
that are far more cunent than materials in standard 
textbooks, such as satellite photos that may be 
only hours old. In addition, once teachers are com- 
fortable using the technology, searching for rele- 
vant materials electronically may be quicker or 
more convenient; for example, perusing a library 
card catalog online is usually faster than going to 
the library to look. Teachers can access materials 
that may not be available otherwise, such as those 
created by colleagues, or information not pub- 
lished in traditional ways. Also, teachers who re- 
trieve information electronically can easily store 
and use the materials when and how they want, 
such as adapting lesson plans for their own class. 

Via telecommunications networks, teachers are 
now being encouraged to participate as contribu- 
tors to as well as users of electronic resources. For 
example, the Eisenhower Clearinghouse for 



AVimlows on Si icm c" is piihlishcil liv Opla al Data Cui p., W airni, NJ, In I ''yn, the \ iilemliH- M'ric was approved by Texas for purehasc 
v'.illi slate le\tl>ook tiinds. 

Stcinmet/, op eil., liHitiiolc 1 V p. V. 
^' Honey and Henrique/, op. cit.. lootnote 4, p. I'). 
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Mathematics and Science Education^^ is creating 
an electronic catalog of instructional plans written 
by teachers in the broad areas of mathematics and 
science.^^ Other network service providers have 
created places for teachers to distribute their own 
instructional plans over a network. Virginia's Pub- 
lic Education Network (PEN) has areas — called 
Academical Villages, in the Jeffersonian par- 
lance — where teachers place materials that other 
teachers may download and use in their class- 
rooms. In fact, the state's most recent technology 
plan, designed to replace the existing Virginia's 
PEN system, was influenced in part by the idea of 
making teacher-created documents easier to post 
and more accessible to network users.^^ 

I Improving Communication 

Teaching is one of the most isolated professions. 
Teachers are "classroom bound" most of the 
day with limited access to the outside world; 
yet, an essential and vital part of the job of 
teaching is maintaining open communications 
with parents, other teachers, the school office, 
and other professionals. 

Teachers spend a great deal of their time worry- 
ing about, helping, counseling, and sharing in- 
formation with students and parents, yet they are 
expected to do so in most cases without the aid of 
technology. Telephones, perhaps the most 
ubiquitous and necessary technology available 



to other professionals, are rare in most K-12 
classrooms. Only an estimated 12 percent of 
teachers (one in eight) in this country have a tele- 
phone^^ in their classrooms. As one teacher 
pointed out, "Telephones may be the only tool we 
don't give teachers because we are afraid they will 
use them."^'^ Some teachers stand in line to use the 
one phone available to them (even, in some cases, 
a pay phone) in the teachers' lounge or principal's 
office, to make arrangements for field trips, for 
bringing guest speakers into their classes, or for 
scheduling parent volunteers. Actually, a national 
survey suggests that the main reason teachers 
want telephones in their classrooms is to contact 
parents about immediate problems or concerns, 
such as student behavior, attendance, and comple- 
tion of homework.^2 

There are other duties required of teachers that 
would be far simpler if they had easy access to 
telephones. For example, educators in New York 
undertook a review of what it takes to convene a 
meeting of the school personnel required by law to 
meet with the parents of each special education 
child to review the child's Individual Education 
Plan.^^ They found that often six people, in many 
cases coming from three ditterent buildings, were 
required to attend these meetings. For the teacher 
to go to the school office or faculty lounge and 
stand in line to make all the phone calls necessary 
to set up each meeting literally took hours of play- 



Tlic Eisenhower National Clearinghouse fcir Mathematics and Science EEducation is funded by the U.S. Department of Education and is 
located at Ohio State University. 

5' "An Invitation To Share Your Best Wcirk," brochure prepared by the Eisenhower National Clearinghouse for Mathematics and Science 
Education, Columbus, OH, n.d. 

^''Glen L. Bull et al.. "Anthology: Establishing an Evolutionary Path to a Peer Client-Server Internet Architecture for Virginia's Schools," 
paper presented at the U.S. Department of Education Secretary's Conference on Educational Technology, Washington, DC, May 8-10. 1994. 

NBA Communications Survey, as cited by Henry J. Becker, table 3. 1 : Reported Market Penetration and Estimated Simultaneous Student 
Accessibility for Various Electrnnic Technologies. "Analysis and Trends in School Use of New Information Technologies," OTA contractor 
report, March 1994. 

''2 "Integrating Technology and Professional Development," unpublished report. Westf'ields Conference Ccnlei, Chantilly, VA, Apr. 27, 
1994. 

NEA,op. cit., footnote 61. 

^ Gregory M. Benson, director, liducation ftogram Development, OtTice of Educational Technology, New York State I>partmcnl of 
Education, personal communication, Novcnnbcr 1994. 
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Telecommunications use by teachers has expanded in the 
last lew years, and the number ol curriculum-based 
telecommunications projects is increasing as more teachers 
and students seel< opportunities to share and evaluate ideas 
and activites with classrooms around the globe. 



ing telephone tag with busy psychologists, coun- 
selors, resource personnel, and parents. Without 
easy access to phones, much less voice mail or 
e-mail accounts where messages can be left, the 
task of corralling all the required players is a 
scheduling nightmare. 

It doesn't have to be that way. In Billings, Mon- 
tana, a local business partnership has enabled the 
district to put a phone on every teacher's desk in 
the Lockwood Schools.^'' The telephone system 
connects teachers and students to each other, to 
parents, and to resources outside the school. The 
phone lines allow for voice mail, use of modems 
or fax machines from the classroom, and access to 
parents as the need arises. Each teacher at the 
Lockwood Schools also has a "broadcast" mail- 
box to send and receive messages to groups. For 
instance, if a member of the school's technology 



committee wants to leave a message telling other 
members about a meeting time, the broadcast 
mailbox can handle it. Voice mail lets teachers 
leave or retrieve messages for each other and for 
outside callers, such as parents, calling in to check 
on a homework assignment. 

Telecommunications use by teachers, especial- 
ly for e-mail, has expanded in the last few years,^^ 
and with good reason: teachers with classroom, ac- 
cess to local or external telecommunications net- 
works can contact other educators, experts, 
scientists, and practitioners to discuss issues re- 
lated to their teaching practice, developments in 
their field, and classroom experiences. Further- 
more, a growing number of teacher-based net- 
works offer teachers a chance to connect with 
other people in a variety of forms. Electronic mail, 
users groups, and listservs, by at least one esti- 
mate, account for nearly 80 percent of the general 
public's use of the Internet overall; teacher use 
seems to reflect this trend.^^ 

Schools do not have to have external network 
connectioiis to receive some of the benefits of in- 
creased communications via technology. Many 
schools are exploring the use of internal networks 
as vehicles for enhancing schoolwide commu- 
nication. For example, when the principal of Web- 
ster Elementary School in St. Augustine, Florida, 
received a model school technology grant from 
the state, he chose to use it first to improve com- 
munication in his school by building a "teamwork 
infrastructure" that would connect the teachers in 
his building.^*^ Each of the school's 53 teachers, 
who were scattered across three building wings 
and several mobile trailers, was given a computer 
connected to a local area network that links all the 
classrooms and the principal. Teachers share les- 
son plans and files of teaching ideas with one 
another and have ready access to the principal 



''^ OTA site visit, MiiKh l'W4. 
'* Bcikcr. op. cit., footnote 61 , 

I rank Oilas/, leather on llic Big Sks Netwoik, 1 )ill(iii, M V. in a piihlic aJilics',, Scirelai> \ ConlereiKe on Hdiiealioiml Tci hnoloi'v, 
Washuiv'lon. DC, May 10. 
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throughout the day as questions or problems arise. 
The principal maintains that e-mail is "the most 
important technology" in his school: in addition to 
checking it constantly throughout the day, he is- 
sues a daily e-mail bulletin to update teachers and 
staff on the day's activities: 

The bulletin lets teachers know exactly 
what's going on. When a school has morale 
problems, 99 percent of the time it's because of a 
lack of communication. The rumor mill feeds 
the gossip chain and before you know it, people 
feel left out of the information loop. The net- 
work gives me open communication with teach- 
ers.69 

The principal at Webster Elementary has also 
used the technology to streamline the paperwork 
within the building, creating school forms (e.g., 
letters to parents and field trip requests) and put 
them on the network so that teachers can fill them 
out and send them back easily. Weekly newsletters 
to parents, a parent-school voice messaging sys- 
tem, and a daily video newscast (where students, 
not the principal, make the day's announcements) 
are also important parts of this principal's ap- 
proach to using technology in his school to create 
a "team environment" centered around open com- 
munication. And the teachers seem to like it too — 
according to an outside evaluation, Webster was 
the only one of the five Florida model schools in 
which 1 00 percent of the teaching staff were par- 
ticipating in the technology grant. 

Local area networks (LANs) are the mode of 
connection planned for the Edison Project School 
Design.^" The current plan outlines a goal to pro- 
vide every student with a computer at home to ac- 
cess "the Common," a LAN linking all local 
Edison teachers, administrators, students, and 
families. Each local school's LAN will be con- 
nected to a wide area network of all the Edison 



schools nationwide, enabling them to communi- 
cate with one another. Computers housed in each 
school's media center will provide Internet access 
so media specialists can tap into vast resources 
and gather information for their schools. Edison 
staff suggest that at the present time the Internet is 
too complex for i.idividual teachers or students to 
navigate.^' Edison leaders hope that the Common 
will become the center of a geographical commu- 
nity and social center for teachers and families. 
They foresee richer collegial relationships and 
joint curriculum development among teachers, 
and increased parental involvement, as bulletins 
and notices are sent home over the network so par- 
ents can discuss student work and school issues 
online with teachers and school staff. 

FOSTERING TEACHER 
PROFESSIONAL GROWTH 

As with any profession, teachers need opportuni- 
ties to expand their knowledge, keep pace with de- 
velopments in their field, try out new methods, 
exchange ideas with peers and experts, and refine 
Ihc'r skills (see box 2-8). They are also required, in 
most districts, to take a certain number of continu- 
ing education credits for recertification or promo- 
tions. Some of this training comes through 
courses or one-day workshops offered by the dis- 
trict, generally referred to as "inservice training." 
Most districts require teachers to attend one or 
more days a year of this inservice training, usually 
on a limited list of topics selected by the district. 
While this may be an efficient delivery system for 
the district, it is not always the training that a 
teacher needs or would choose on his or her own. 
In fact, research suggests that professional devel- 
opment is more likely to be effective when it en- 
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BOX 2-8: Professional Development in the Lives of Teachers 



Professional development is a general term, often used interctiangeably witti staff development or 
teacfier training, to indicate tfie structured or unstructured process by wfiicfi teacfiers already in tfie 
classroom expand tfieir knowledge, skills, abilities, or experience to furtfier tfieir effectiveness. Most 
states and districts have a requirement that teachers must take a certain number of hours or credits of 
such professional development in order to maintain their teaching certificates, or for moving ahead on 
the salary schedule. 

Yet the amount of work time during which teachers are actually paid for professional development 
activities is limited. Compensated professional development opportunities are usually restricted to two 
to four days each year; this time often includes district meetings and classroom preparation time at the 
beginning of the year.^ Any additional training or learning activities usually occur after school or on 
weekends on a teacher's own time. Additional release time for professional development for teachers 
can be particularly difficult to arrange, not only because it can be costly (substitutes must be hired to 
take a teacher's place), but also because of logistical difficulties. Teachers must often still prepare 
lesson plans for substitutes; in addition, many want to minimize the amount of instructional time away 
from their students since they feel responsible for covering curriculum goals and keeping students and 
projects moving along. 

Furthermore, teachers experience multiple competing demands for their limited staff development 
time. Many different kinds of school-based reforms are being encouraged and most will require new 
learning or expertise by today's practicing teachers: 

[Teachers] are faced with a staggering array of complex reforms. Teachers are told that they have to set higher 
standards for all students, eliminate tracking, tailor lessons to kids' individLial needs (including those with various 
disabilities), adopt small-group and cooperative learning techniques, design Interdisciplinary and multicultural cur- 
ricula, work in teams with other teachers, promote "critical" and "creative" thinking instead of rote learning, attend to 
children's social and emotional needs, rely on "performance assessment" instead of multiple choice tests, get with 
the latest technology, encourage active learning in "real-life" contexts, use fewer textbooks, and . . . become 
"agents of change" in thoir schools.^ 

The most typical ways teachers upgrade their skills are by taking credit courses on their own at local 
universities or attending inservice courses or activities put on by the local school or district. These 
inservice activities are viewed as a vehicle to enhance teaching, provide new information to teachers, 
or remediate for teacher deficiencies. 

Frequently, inse.-vice training entails a single workshop or course for a group of teachers, with the 
assumption that "one-shot training" is all teachers need to apply their newly acquired skills, content, or 
techniques in the classrooms. Yet research has suggested that teachers learn best, not from one-shot 
lectures by expert?, but by seeing methods used in actual classrooms, by trying out new techniques 
and getting feedback on their efforts, and by observing and talking with fellow teachers. ^ As one 
researcher noted: 



' Elizabeth Arnett. "Business People and Educators Havea Lot To Learn from Each Other." The Harvard Education Letter, vol. XI. 
No 1 , January/FebrLiary 1995. pp. 7-8 

2 Edward Miller, "The Old Model of Staff Development Survives in a World Where Everything Else Has Changed." The Han/ard 
Education Letter, vol XI. No. 1 . January/ February 1995. p. 2. 

3 See. e g . J Little. "Teachers' Professional Development in aClimateof Educational Reform." Educational Evaluation and Policy 
Analysis, vol. 15. No. 2. summer 1993. pp. 129-151. 
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BOX 2-8 (cont'd;); Professional Developnnent in th^ Lives of Teachers 



The problem of harnessing staff development is compounded by its increasingly sprawling prominence. On the 
one tiand, it is correctly seen as the central strategy for improvement. On the other hand, it is frequently separated 
arlificially from the institutional and personal contexts in which it operates.^ 

Professional development efforts have evolved over the years in several directions. Two very differ- 
ent approaches to professional development have been in competition with each other for the past 40 
years — professional development as a form of remediation versus professional development as a 
method of culture building within a school: 

One approach! — deficittraining — viewsteaching astechnical work and seeks to improve it by training teachers in 
a set of techniques and discrete behavior. This approach has. in fact, been dominant. The other approach — growth 
and practice — defines teachers as professionals, views them as having requisite knowledge to act on behalf of their 
students, and seeks to develop structures to enable them to collaborate with colleagues and participate in their own 
renewal and the renewal of their schools. ^ 

Recent research suggests that professional development may work best when schools create 
working conditions for teachers that foster continuous learning and professional growth, such as 
providing opportunities for teachers to reflei^-t on their teaching practice or to refine ideas 'with col- 
leagues. For example, in the Tupelo (Mississippi) School District, teachers are encouraged to travel to 
other school districts to gain a new idea about how to improve practices in their own classrooms, if a 
teacher convinces the Tupelo district to try the practices that he or she has observed, the district will 
pay for the cost of changes in that teacher s classroom.^ The superintendent of schools in Tupelo says 

You can't tell people howto do things; they have to experience it. and it has to make sense to them. So we provide 
[money] for any teacher in the district togo anywhere in America . . to observe cutting edge educational practices 
. . .We don't require that they return to the district and change anything, but what's happening is that they are seeing 
other, new ways of teaching.^ 

Yet the biggest barrier to professional development of teachers is simply lack of time in the school 
day or calendar According to Prisoners of Time, the widely quoted report of the National Education 
Commission on Time and Learning: 

The greatest resistance of all [to reallocating time in schools] is found in the conviction that the only valid use of 
teachers'time is "in front of the class:" the assumption is that reading, planning, collaboration with other teachers, and 
professional d3velopment are somehow a waste of time 8 



■* Michael G. Fullan. "Staff Development. Innovation, and Institutional Development. " in Bruce Joyce (ed ). Changing School Cul- 
ture Through Staff Development. 1 990 Yearbook of the Association for Supervision and Curriculum Development, p 4 

5 Ann Lieberman and Lynne Miller. "Professional Development of Teachers." Encyc/oped/a o/Ec/ucaf/ona/ Research. 61h Ed , vol 
3. M. Alkin (ed.) (New York. NY Macmillan Publishers. 1992). p. 1049 

6 As of early 1 992. several "grants" had been awarded to teachers so they could change practices in their classrooms Funding 
hasbeenprovidedthrougha$3 5-millionprivaleendowmenttolhedislricl Isat^elieBruder. Underwr ilingChange."e/ecfron/c /.earn- 
ing (New York. NY. Scholastic. Inc.. February 1992), pp 26-27 

' Ibid 

8 The National Commission on T -ne and Learning is a nine-member independent advisory board established by the Education 
Council Act of 1 99 1 and charged 'Mth conducting a comprehensive, two-year reviewof the relationship between limeand learning in 
the American sch'XJls Pr/sorie'S 0/ T/me (Washington. DC US Government Printing Office. April 1994), p 17 
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BOX 2-8 (cont'd.): Professional Development in.the Lives of TeacherS 



One of eight recommendations set fortti in the Commission's report is to give teachers time to learn 
or prepare better for their work. Evidence suggests that teachers are committed to improving their own 
knowledge and practice even on their own time. One study of the costs of staff development found that 
for every dollar spent by districts and schools directly on formal staff development activities, individual 
teachers personally contributed 60 cents in their own time, with no present or future financial com- 
pensation. ^ 

Some schools and teachers are finding that technology can be a great resource to facilitate new 
kinds of professional development; some technologies may help solve time and distance problems that 
have traditionally interfered with collegial interaction. For example, electronic mail can circumvent the 
problem of teachers not being free for collaboration or discussion at the same time as their colleagues. 
Telecommunications technology can also pull together biology teachers scattered across a large 
geographical area or enable teachers to take online credit courses from home. Videotaping technolo- 
gies allow teachers to record their own teaching, for supervision and observation purposes; it also 
allows the work of "master teachers" to be recorded and shared with others Telecommunications 
technologies are fostering the growth of "electronic communities" of teachers who can share teaching 
experiences, problems, lesson plans, and new ideas. 



3 Judith Warren Little et al . Staff Developrrient in California (San Francisco. CA: Far West Latxiratory for Educational Research 
and Development. Decerriber 1987). 

SOURCE: Office of Tech.iology Assessment, 1995 



courages teachers to participate in their own re- 
newal rather than supplying teachers with pre- 
packaged information or trainingJ'^ Yet many 
teachers are far from colleges, universities, or cen- 
tral training resources in a state or district that 
might offer courses or topics of interest in their 
teaching field. Technology is one means of filling 
this gap. Increasingly, technology can provide 
teachers access to new ideas, master teachers 
and other professionals outside the school set- 
ting, and courses and enrichment activities 
both formal and informal. It can also make it 
possible to provide continuing support after 
courses end or after educators have "met" over 
a network. 



I Expanding Opportunities for 
Formal Continuing Education 

Technology-based resources can greatly enhance 
opportunities for convenient, flexible, continuing 
education courses and workshops — whether re- 
quired for recertification or taken for personal 
growth.^^ Educational programs and courses of- 
fered over cable or public television, distance- 
learning networks, packaged video (videotape, 
videodisc, or CD-ROM), and telecommunica- 
tions networks can extend the range of options for 
a teacher's study (see box 2-9). 

Distance-learning technologies enable learners 
in locations distant from one another and/or the 



Ann Licbcrnian and Lynnc Miller. "T'rnfcs.sional Development of Teachers," ICntycloptdiii ofEducaiional Rcscuich, 6th Fid.. M. Alkin 
(ed.) (New York. NY; MacMillan Publisher.s. 1992). vol. 3. pp. l()4.'i- 1053. 

U.S. Congre.s.s. OfTice of Technology A.s.scs.sment, Linkinjifor Lcurninj': A New Course oJ'lUliualion. OTA-SET-43() (Wa.shinglon. DC: 
U.S. Government Printing Office. 1989). 
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instructor to participate in courses via video, au- 
dio, and computer technologies. These technolo- 
gies are increasingly being used to provide 
instruction not just for students, but also for teach- 
ers and other school staff. For example, teachers in 
the 90 school districts in Los Angeles County par- 
ticipate in staff development programs offered by 
the LA County Office of Education's satellite- 
based Educational Telecommunications Network 
(ETN).^'* This service vk'as developed in response 
to the need to provide equitable staff development 
for teachers regardless of local budget and geo- 
graphic constraints. A range of courses are offered 
on topics such as "Making Economics Come 
Alive in the High School Classroom," "Grouping 
for Instruction in Language Arts, K-12," or 
"Creating an Emotionally Safe School: Conflict 
Resolution and Peer Mediation." The programs 
and courses are led by experts — ^many of whom 
are local teachers — from the ETN studios and sent 
by satellite signal to school sites around the 
county that have satellite dishes to receive the 
broadcast signal. Participants can call in and inter- 
act by telephone with the presenters in the studio. 
Each participating school site also has a facilitator 
who leads discussions and other activities after the 
broadcast. 

Teachers looking for ways to improve their 
own teaching may also engage in what researchers 
refer to as "reflective practice." Technology can 
provide valuable resources for extending this con- 
cept. Reflective practice involves asking focused 
questions, sharing concerns, seeking common 
meanings in teaching practice, or constructing 



ideas in collaboration with other teachers. "Video 
has a long, successful tradition as a means to sup- 
port this form of collaborative learning among 
teachers. Moreover, research supports the notion 
that shared observation, discussion, and planning 
of teaching in peer groups can lead to improved 
practice."^^ Typically, to learn from other teach- 
ers, a teacher has to find time to watch and observe 
in classrooms — a difficult scheduling feat for 
most teachers. Video allows classroom interac- 
tions or master teachers to be taped for convenient 
viewing. Or teachers can tape themselves teach- 
ing, then ask a colleague, principal, or coach to of- 
fer a critique or perspective. 

One group of researchers has been organizing 
teachers into video "clubs" on a school or district 
basis. Teachers make videotapes of their own 
teaching and teacher-student interactions. The 
clubs watch and discuss one another's videos as 
well as videos of exemplary practice. The groups 
have a facilitator who helps them focus on relating 
standards of exemplary teaching to their own 
practice.^^ This can be particularly valuable for 
student teachers or new teachers just learning their 
craft, but it is also being used as a part of the proc- 
ess for preparing teachers to meet the standards for 
Master Teachers set forth by the National Board 
for Professional Teaching Standards (see chapter 
5). 

Telecommunications-based electronic com- 
munities are another vehicle for teachers to en- 
gage in reflective practice.^^ An electronic 
community can be a nonjudgmental forum for 
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Information about ETN provided by Sandra Lapham, consultant-ln-chargc. Instructional Media and Technologies, Los Angeles County 
Office of Education, August 1994, ETN Program Guide. 1993-94, Los Angeles County Office of Education. 

^5 Jeremey Rochellc, Cherie Del Carlo, and John Fredcriksen, "Restructuring Through Video-Based Reflection on Practice," unpublished 
manuscript. Institute for Research on Learning and Educational Testing Service, n.d., p. 2. 
Ibid. 

See, for example, the AT&T Learning Circles project and the TERC LabNet project, started in 1989. LabNet provides support for high 
school science teachers; the project is designed as a community of practice, connected mainly by a telecommunications network through Amer- 
ica Online. There are currently more than 500 teachers in the project, experimenting with new teaching strategies, reflecting on teaching experi- 
ences, sharing resources, solving problems, and building collegial relationships. William Spitzeret al.. Fostering Reflective Dialogues for 
Teacher Professional Development (Cambridge, MA: TERC, 1 994). 
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BOX 2-9; Mathline: A New Approach to Professional Development for Mathematics Teachers 



When the National Council of Teachers of Mathennatics (NCTM) issued standards for teaching 
mathematics, educators around the country applauded this first set of educational standards promoted 
by a national professional association. However, agreeing on the standards — and developing the 
suggested content, materials, tools and approaches to teaching in support of these standards— was a 
substantial challenge. Even more daunting is the challenge of getting the word out to educators and 
helping them implement this new vision of nnathematics education in schools around the nation. To 
respond to this need, the Public Broadcasting System (PBS) created a new framework for professional 
teacher education, channeling the resources of its 347 affiliated public television stations nationwide 
and their experience in working with local educators. 

The opportunity for PBS to enhance traditional educational services to schools came in 1993 with 
the launching of Telstar 401 , a state-of-the-art satellite greatly expanding programming capacity. This 
expanded satellite access, combined with VSATs (very small aperture terminals), telephone, television, 
and computer technologies made it possible for PBS to also offer interactive data, voice, video, and 
multimedia educational services to teachers and students. "We've tried to bring together technologies 
in a way that really services people." said PBS's executive vice president for education^ " . . we started 
(with math) because it was the NCTM that was first out of the box with standards" for curriculum. In 
collaboration with NCTM.2 in the fall of 1994, PBS launched Mathline, the first discipline-based educa- 
tional service offered over the PBS "telecommunications highway" 

The Middle School Math Project, the first of several planned Mathline services, is a year-long 
professional development course for middle school mathematics teachers. Each Mathline group has 
approximately 25 teachers— some self-selected, some chosen by their schools — and a mentor teacher. 
The management of each project is handled locally by the 20 participating public broadcasting 
stations, representing 16 states. The local stations do more than broadcast video lessons—they also 
distribute course materials over the computer nciwork and offer technical and organizational support to 
participants. 

With the assistance of NCTM math consultants, the PBS affiliate Thirteen/WNET in New York pro- 
duced a series of 25 hour-long video segments, in which teachers demonstrate and model the instruc- 
tional approach and content promoted by matfi standards (e.g., ways to help build students' skills in 
reasoning, estimating, communicating, and problem-solving in math). In the "Something Fishy" video, 
for example, a Maryland teacher uses small fish-shaped crackers to demonstrate how students can 
learn how proportions can be used to count a large population (e.g., the number of fish in the entire 
Chesapeake Bay).^ The videos are aired on the local PBS station at a time when teachers can tape 
them (at home or scliool) for viewing later at their own convenience, or several times to study key points in 
detail as they choose. The groups discuss the videos in an online discussion facilitated by a master teach- 
er In a discussion of the "Something Fishy" lesson, for example, one teacher commented that, although the 
concept was a good one, the technique would never work in most classrooms: "The kids would eat the 
crackers before the lesson was overl 



' Sandra Welch, quoted in Mark Walsh. "Station Break." Erfucaf/on WeeA. Oct 12. 1994. p 24. 

? Funding support was also supplied bytheCorporationlor Public Broadcasting, the AT&TFoundation. the CamegieCorporation 
ot New York, and the Cellular Telecommunications Industry Association 
3 Walsh, op cit . tootnote 1 . D 25 
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BOX 2-9 (cont'd.): Mathline: A New Approach to Professional Development for Mattiematics Teacfiers • 



In addition to the video segments and discussions, two national video conferences are broadcast 
live, presenting the opportunity for teachers to talk with math educators and expert teachers from 
around the country. The participating teachers can call in their reactions and questions live, tape the 
videoconferences for later review, and discuss the ideas and questions generated in their subsequent 
computer conferences 

The model is new for professional development — interactive, flexible, reaching teachers in local 
communities who might not otherwise have access to high quality professional development. The 
teachers' reactions, halfway through the initial year, have been positive. As a teacher in Spring Lake 
Park. Minnesota, said. "Most teachers are isolated in their classrooms. This gives them exposure."^ The 
facilitator for her project suggests that teachers respond well to being freed from inflexible inservice 
training at a set time and place. "They can sit in 10 minutes here or there to participate in the 
discussion. You also tend to get a lot more thoughtful responses than you might get in a teaching 
seminar. "6 Despite the fact that they may never meet face to face, the class becomes an electronic 
community of learners. 

Under a grant from the Rockefeller Foundation, PBS is studying the feasibility of using the Middle 
School Math Project as a model for other professional development activities for teachers, across a 
range of content areas. The lessons learned in the pilot project for middle school math teachers will 
form a basis for considering future steps. 



5 Walsh, op cit . footnote 1 . p 25 

6 Ibid 

SOURCES Office of Technology Assessment. 1995. based on Public Broadcasting Service materials and personal communica- 
tions. January 1995 



teachers to ask questions, solicit opinions, and ex- 
plore personal philosophies with the aim of im- 
proving their teachingJ** Through these kinds of 
exchanges, teachers can also build collegial rela- 
tionships and become more adept at learning from 
each other. 

I Fostering Collegial Worl( 
with Other Professionals 

American schools tend to be structured in ways 
that do not encourage collegial work among teach- 



ers. Unlike schools in some other countries, time 
is not set aside in the teacher's day for working 
with colleagues on a regular basis.^^ 

Teaching, more than many other occupa- 
tions, is practiced in isolation, an isolation that is 
at times crushing in its separateness. CoUegial- 
ity is non-existent for many teachers, unless hur- 
ried lunches over plastic trays in unkempt 
lunchrooms are viewed as exercises in col- 
leagueship, rather than the complaint sessions 
they are more likely to be. Knowledge is the cur- 
rency in which a teacher deals, and yet the teach- 



Spitzcr. ibid., pp. 7-8. 

In Japan, for example, teachers topically have more students per elass (35 to 40 versus 23 in the United Slates), but Japanese teachers are 
only in front of the class four hours a day. Likewise, teachers in Germany are In class with students 21 to24hoiirspcrweek, but their work week 
Is 38 hours. In these countries, lime outside the classroom isconsidered essential to the teachers' professional development. National Education 
Commission on Time and Learning, I'risnner.s of Time (Washington. DC: U.S. Government Printing Office. April 1994). pp. 23-27. 
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er's own knowledge is allowed to become stale 
and devalued, as though ideas were not the life- 
blood of the occupation. The organizational 
structure of schools, so far as the professional 
staff is concerned, is built on a series of one-on- 
one relationships. Since there is little incentive 
for teachers to integrate their behavior with that 
of other teachers, they tend to go their own ways. 
Teachers are so accustomed to working on their 
own that they are surprised when someone tries 
to act as a colleague and collaborate 

As discussed in chapter 4, most teachers' days 
allow them little time or specific opportunities to 
share ideas and communicate with colleagues, and 
there is little incentive for them to work together. 
Some teachers who have had regular opportuni- 
ties to interact with other teachers — in person or 
electronically — report that the collegial support 
they receive far exceeds their expectations. One 
teacher in Florida who team-teaches once a week 
said, "I could never go back to teaching alone. I 
can't imagine how I did it before."^' This teacher 
received time and support from her school to plan 
and prepare lessons with other teachers; she felt 
that the chance to draw on another teacher's exper- 
tise and contribute her own knowledge was in- 
valuable. As one education writer pointed out, 
"The beginning of the end of isolation is bringing 
teachers together. Teachers feel more powerful 
when they are part of a group with a common pur- 
pose than when they labor on their own."^'^ 

Some teachers have found online resources, 
such as listservs, bulletin boards, or e-mail, to be a 
convenient and time-saving way to connect with 
colleagues and other professionals or resources 
outside the school. Some networks, such as TE- 
NET in Texas. Virginia's PEN, and the Scholastic 



Network, are designed specifically for teacher in- 
quiry and growth. Teachers also use commercial 
networks like America Online and Prodigy for 
this purpose; many of these networks have educa- 
tional forums. Teachers who use these services 
say that the exposure to new colleagues, ideas, and 
resources can 'nvigorate their enthusiasm for their 
own learning (see box 2-10). As a recent survey of 
accomplished educators' use of telecommunica- 
tions found: 

... the opportunity to communicate with oth- 
er educators and share ideas lis] one of the major 
benefits of this technology. Obtaining rapid 
feedback on curricular issues and other topics of 
professional interest, and keeping current on 
subject matter, pedagogy, and technology trends 
are also important incentives.^-' 

A teacher in Kentucky who subscribes to the 
service Prodigy^'* and regularly uses it at home, 
noted that she has forged an online relationship 
with people in her state department of education. 
"I didn't even know who they were when I first got 
online," she said, "but we had some of the same 
questions we wanted answered, and they didn't all 
have to do with my school. I still haven't met them 
face-to-face, but I feel like I know them."^^ 

Some learning opportunities allow teachers to 
contribute to the resource base of expertise, not 
just take from it. For example, the Bellevue Wash- 
ington School District network — called Belnet — 
has been used to further the district's philosophy 
of peers learning from peers. Teachers use the net- 
work for planning and joint teaching efforts. New 
ideas about instructional practice, materials, and 
strategies pass through the network, as do discus- 
sions about using technology to promote learning. 



Gene 1. Macrciff. The L'niixnvcrmcnt of Teachers: Overeomini; the Crisis of Confuience (New York. NY: Teachers College Press. 1988). 

p. 3. 

Nancy Mcl.auplilin. Webster Elementary' School. St. Augustine. FL.OTA site visit. Apr. 20. 1994. 
*~ Macroff. op. cit.. footnote RO. p. 24. 

Honey and Henrique/, op. cit.. footnote 4. p. 19. 

Prodigy— like America Online and others- -is a commercial telecommunications nctwcirking system that charges a monthly fee (approx- 
imately S9.95) and hourly rates (S2.9.'i. hour) for use of the network. Costs include software for connectivity. 
Debbie Hall. Shelbyvillc. KY OTA site visit. Apr. 18. 1994. 
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BOX 2-10: Teacher Collegial Exchange Using Teiecommunications 



Perhaps one of the greatest benefits for teachers using telecommunications technologies is the ability to 
engage in collegial exchanges— the opportunity to talk with other teachers about teaching. For example, a 
teacher in Alaska can communicate with a teacher in South Carolina to discuss the ways in which both are 
using The Diary of Anne Frank in their respective literature classes; these teachers can share lesson plans, 
collaborate on activities online, discuss students' difficulties or successes, and generally offer support to 
each other as the school year progresses. 

Below are some examples of teacher dialogs in which teachers discuss some of the ways they use 
telecommunications in their teaching and In their professional life. These teacher comments came from 
BreadNet, the telecommunications network established by the Bread Loaf School of English at Middlebury 
College in Vermont, for secondary school English teachers. The enthusiasm and sense of collegial support 
is common among telecommunications users worldwide- 

I must assure you that the network has changed my classroom. . . . This year we have opened up our room to the 
rest of the nation . We are isolated here, especially in the cultural sense. My class has become aware of the differences 
and similarities of students in Hawaii. Vermont, Mississippi, South Carolina, as well as bush and urban Alaska. Dis- 
cussions in class often center around how differently or similarly students we are communicating with view a certain 
idea. When we went on a recent trip to see the Anne Frank exhibit in Anchorage, students commented they wished 
everyone we had been writing to (throughout the year) could have been with us. My students will never again view 
Native Alaskan culture in the narrowfashion they had viewed it before this year Just that one concept change is worth 
the whole project. — Teacher, Trapper Creek. Alaska 

Let me share withyou a very real success story . . Kelly, a very bright 1 1 th grader in Honors English, was painful- 
ly shy. She would take a "0" before she would stand before her classmates and speak. However, as soon as she 
began to "talk" online. I saw her begin to shine. She expressed her views on our (class) poems in a clever, insightful, 
and witty manner ... I took her to the conference in Myrtle Beach and while she would still not speak before the 
educatorsat our in service. there has been a great deal of change in her at our school. She has gained confidence from 
positive feedback online and is now preparing to do a special oral presentation on Wordsworth for her classmates. 
... I honestly feel that the telecommunications experience allowed her to view herself on another and mote positive 
light —Teacher. Pav^leys Island. South Carolina 

My children were able to participate in two projects on BreadNet. One was responding to the Korean Tale "Story 
Spirits." which went into a publication with responses from Alaska and Virginia. They were very proud and excited to 
see their responses printed alongside those of middle and high school students! . . . The parents were also im- 
pressed. The children also contributed to a statewide newsletter about what was happening in our schools. 

One of the most exciting things I participated in was the Alaska publication of "A Day in the Life of a Teacher" It 
made me rethink my philosophy and set down honest thoughts The thoughts of my colleagues astounded me and 
gave me ne w d i rections in my own thi nking . The establishment of the Alaska Teacher-Researcher Network folder [on- 
line) gave us an easy avenue for communication that we have had difficulty establishing on the university system. 
This is due to the ease of the software. . I have been able to connect to colleagues around the nation on a 
beginning proiect about the cclusion of special education students in the regular middle and high school classroom. 

While BreadNet has not become a regular fixture in my classroom (for instructional purposes) for a number of 
reasons, il has become a definite fixture in my professional life. Being able to communicate with colleagues in my 
state and nation on such an expedient basis has opened new avenues for me in my professional life. —Teacher. Ju- 
neau, Alaska 

SOURCE Office of Technology Assessment, based on teacher comments contained in unpublished documents obtained from Jim 
Maddox. Director Dreadloal School of English, compiled for PBS Retreat. Apr 27. 1994 
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Teachers use technology for many reasons, but ultimately, 
getting and keeping students engaged in learning is the 
strongest motivation. 



The system, which is connected to the Internet, 
also provides a followup to staff development; 
when teachers complete a class, they can gain 
additional help, or advice from their peers on 
Belnet.^^ 

Sometimes collegial support is an added bene- 
fit of a student-centered project, as shown by the 
Georgia ClassConnect project, a trial project that 
connects four high schools and four colleges. 
Teachers at any of the eight sites have a chance to 
teach a group of students at any or all of the other 
seven sites. Classrooms are equipped with 
technologies to facilitate full interaction: moni- 
tors, cameras, instructor and ceiling-suspended 
microphones, a fax machine, a document camera, 
and a personal computer that controls the equip- 
ment at each location. Although the primary focus 
of this pilot project is distance learning for the stu- 
dents, teachers have learned methods and strate- 



gies watching their colleagues that they have 
incorporated into their own teaching.^^ 

CONCLUSION 

The central question for a teacher has always been: 
how can this help my students? This is as it should 
be, and will not change as technology enters the 
classroom. However, although research on educa- 
tional technology has consistently focused on 
how it may or may not benefit students, students 
are not on their own in schools. It may be time to 
rewrite the question and direct more research ef- 
forts to explore some answers for teachers. Help- 
ing teachers may, in fact, be the most important 
step to helping students. 

The examples in this chapter illustrate several 
ways in which technology can help teachers im- 
prove instruction, change the teaching and learn- 
ing process, fulfill daily tasks, and engage in 
regular professional development. But these vi- 
sions of what is possible are far from the reality in 
many schools and for the typical teacher. As the 
next chapter will show, many schools do not have 
the basic technology infrastructure to support tele- 
communications and other newer applications. 
And as chapter 4 will explain, there are schedul- 
ing, organizational, curriculum, and other barriers 
in many schools that hamper more effective use of 
technology by teachers. Furthermore, as chapter 5 
explains, if new teachers are not well prepared to 
use technology as they enter the classroom, they 
start teaching at a disadvantage. Chapter 6 sug- 
gests federal programs are attempting to improve 
the nation's capacity to help teachers leam about 
technology. 

Still, as this chapter and others indicate, teach- 
ers in a wide range of settings ai e overcoming the 
barriers, blazing new trails, and learning lessons 
from which others can benefit. Clearly, technolo- 
gy implementation is a challenging task. Teachers 
need support if it is to become a reality. 



86 J m R. Mcrgcndollcr ct al., "Exemplary Approaches to Training Teachers to Use Technology." OTA contractor report. September 1994. 
William R. Jordan. "Using Technology to Improve Teaching and Learning." [)\mmiie Ideas: Georgia Cla.'i.sConneci (Greensboro. NC: 
SERVE. 1993). p. 23. 
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SUMMARY OF KEY FINDINGS 

■ Research to date has collected only minimal data from teachers 
about how much technology is available to them and how they 
use various technologies for instructional or professional use. 

■ Projections suggest that by spring 1995, U.S. schools will have 
5.8 million computers in use for instruction — about one for ev- 
ery nine students. Nevertheless, a substantial number of teach- 
ers still report little or no use of computers for instruction. 

■ Compared with other countries, the United States leads the 
world in the sheer number of instructional computers in 
schools. About half the computers in U.S. schools, however, 
are older, 8-bit machines that cannot support CD-ROM-sized 
databases or network integrated systems or run complex soft- 
ware. This problem is particularly pronounced in elementary 
schools. When compared on the availability of the more pow- 
erful 16- or 32-bit computers, the United States falls well be- 
low other countries. This aging inventory limits the ability of 
many teachers to use some of the most exciting applications of 
computers. 

■ During the past two years, the most rapid growth of technology 
in schools has been in CD-ROMs, videodiscs, modems, and 
local area networks (LANs). Available data are weakest in pro- 
viding information about how much access schools actually 
have to these newer technologies, much less how they are be- 
ing used. 

■ Video is the most common technology used for instruction in 
schools; sources include direct broadcast, cable, satellite, or 
videotaped programming. As of 1991, the typical school had 
seven TVs and six vidcocasscttc recorders (VCRs). Most 
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teachers make some use of video instruction 
during the school year, but data about kinds of 
use and effectiveness are lacking. 

■ The most common uses of technology in 
schools today are the use of video for present- 
ing information, the use of computers for basic 
skills practice at the elementary and middle- 
school levels, and the use of word-processing 
and other generic programs for developing 
computer-specific skills in middle and high 
schools. Other uses of technologies — such as 
desktop publishing, developing mathematical 
or scientific reasoning with computer simula- 
tions, information gathering from databases on 
CD-ROM or networks, or communicating by 
electronic mail — are much rarer in the class- 
room. Technologies are not used widely in 
traditional academic subjects in secondary 
schools. 

■ Schools do not always locate their technology 
in the most accessible sites. Most schools still 
place a majority of their computers in computer 
labs rather than individual teacher's class- 
rooms. Similarly, modems may be located on 
a central computer in the principal's office, 
making it difficult for teachers to integrate 
computer or telecommunications activities 
with other learning or professional activities 
during the course of a day. 

■ High schools are more likely than elementary 
schools to have newer or more powerful com- 
puters, LANs, hard disk drives, laser printers, 
videodisc players, and distance-learning capa- 
bilities. The greatest disparities in the distribu- 
tion of computers among schools at the same 
level (i.e., elementary, middle, secondary) are 
found between small schools and large schools. 
Schools with fewer students tend to have many 
more computers per student. This pattern of 
more resources per student in smaller schc ' 
also holds for video equipment such as VCRs 
and TVs. 

■ The majority of K-12 schools are ill-cquippcd 
to participate in the opportunities presented by 
telecommunications networks. While tele- 
phones, modems, fax machines, and other tele- 
communications links with the outside world 



are present to varying degrees in school build- 
ings, they are not yet generally found in class- 
rooms. Fewer than one teacher in eight has a 
telephone in the classroom. Furthermore, most 
schools lack connectivity, administrative and 
organizational support, and technical expertise 
to integrate electronic networks into the teach- 
ing and learning process. Major investments of 
time and other resources will be required to 
prepare schools to effectively use electronic 
communities. 

INTRODUCTION 

As demonstrated by many promising examples 
throughout the United States (see chapter 2), 
technology can be a rich resource for teachers of 
all kinds to use in various educational settings. 
With available technologies, teachers can solve a 
range of educational problems, meet a variety of 
learning goals in all curriculum areas, and serve 
varying age levels or student populations. In addi- 
tion, technologies offer teachers tools for accom- 
plishing a variety of administrative tasks and for 
enhancing their own professional development. 

Before teachers and students can use technolo- 
gy for these ends, however, they must have access 
to the hardware and software. How widespread is 
access to various technologies in classrooms 
today? How much and what kinds of technologies 
are available to the typical teacher? How are avail- 
able technologies being used? This chapter at- 
tempts to provide an objective statistical portrait 
of the presence and use of educational technolo- 
gies in American schools. The technologies cov- 
ered include: 

■ computers of different levels of power and 
sophistication; 

■ computer-based equipment such as CD-ROMs, 
printers, and LANs; 

■ video resources such as televisions, videocas- 
sctte recorders, cable, satellite, and videodisc 
players; and 

■ telecommunications networks and other tech- 
nologies for two-way communication of voice, 
data, and graphics. 
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Statistical information in this chapter comes 
principally from three major nationwide surveys 
of schools, teachers, and students conducted in the 
United States between 1989 and I993i: the U.S. 
portion of the 1992 Computers i i Education 
Study of the Intemational Association for the 
Evaluation of Educational Achievement (lEA),^ 
the 1991 National Study of School Uses of Televi- 
sion and Video conducted by the Corporation for 
Public Broadcasting (CPB),^ and the 1993 Com- 
munications Survey of Member Teachers of the 
National Education Association (NEA).'^ 

Although these are the best, most nationally 
representative data sources^ currently available, 
they still provide only a rough estimate of what 
schools are doing with technology. In part, this is 
because, the landscape is changing so rapidly — 
hardware and software available in today's mar- 
ketplace have grown in technical sophistication 
and decreased in cost compared with what was 
available just a few years ago. In addition, much of 
the available survey data come from principals or 
technology coordinators who tend to focus more 
on technology access and use at the building or 
district level rather than the classroom level. In 
general, recent national survey data are weak- 
est in providing Information about the class- 
room context of technology use and teachers' 
professional use of computers. 

Available data are also lacking regarding access 
and use of telecommunications networks by 
teachers and schools — in part, because these ap- 



plications have been increasing so rapidly in the 
past several years. Telecommunications networks 
allow teachers to interact with other professionals 
and take advantage of resources beyond the limits 
of their school or community. This chapter will 
discuss the ways in which schools are obtaining 
access to these networks and factors that affect 
their participation. 

WHAT TECHNOLOGIES DO SCHOOLS 
OWN AND HOW ARE THEY USED? 

Available survey data provide a picture of which 
technologies schools own and how much the aver- 
age school has. In examining these data, however, 
one must remember that the presence of hardware 
is only a first step. To use hardware effectively, 
schools also must acquire the computer software 
and video programming that give it life and must 
orchestrate the available equipment to make it ac- 
cessible to teachers and students. Teachers need to 
see the value of using technology, have an idea of 
how to use technologies effectively to accomplish 
their instractional goals, and must receive the 
training and continuing support necessary to over- 
come the inevitable challenges technology poses. 

Estimating the amount of hardware avail- 
able in schools today is relatively easy com- 
pared with estimating how frequently it is used 
and for what purposes. Yet information about 
the uses of technology is necessary for under- 



' Much of this chapter is adapted from Henry J. Becker. "Analysis and Trends of School Use of New Information Technologies," contractor 
report prepared for the Office of Technology Assessment. March 1 994. In this contractor report. resu'Ls of a number of major national surveys of 
educational technology were synthesized and analyzed. See appendix B. 

^ Ronald E. Anderson et al.. Computers in American Schools. 1992: An Overview, International Association for the Evaluation of Educa- 
tional Achievement Computers in Education Study (Minneapolis, MN: University of Minnesota, 1993). 

^ Andrew L. Russell and Thomas R. Curtin, Study of School Uses of Television and Video: 1 990-1991 School Year (Arlington, VA: Corpora- 
tion for Public Broadcasting, February 1 993). Also, see Research Triangle Institute. Study of the School Uses of Television ami Video: Meihodol- 
ogy Report (Research Triangle Park, NC: Research Triangle Institute. Mar. 20, 1992). 

* Princeton Survey Research, National Education Association Communications Survey: Report of the Findings (Princeton, NJ: Princeton 
Survey Research Associates, June 2, 1 993). 

^ Tnis chapter also includes information from reports in progress or published and technical documents related to these three studies. The 
major features of these thice studio,; and the four other studies used in the analysis are described in appendix B. 
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FIGURE 3-1: Teacher Reports: of Access and-Use of Technology Resources, 199.1 
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a For example, word processing, database management, spreadsheet. 

SOURCE: National Education Association. Sfafuso/ (he Amer;canPi/McSchoo/ Teacher, 1990-1991 (Washington. DC'. 1992) 



standing the status of technology in today's 
schools. 

One nationally representative survey of teach- 
ers illustrates the gap that often occurs between 
having access to technology and actually using it.^ 
Teachers who reported having various technology 
resources "readily available" at their worksite 
were asked if they used that resource "regularly." 
About 70 percent of teachers who have access to 
video resources use them regularly, and about 60 
percent with access to personal computers use 
them regularly (see figure 3-1). Among teachers 
who have access to multimedia, videodiscs, on- 
line databases, and other newer technologies, an 
even smaller share report using them regularly. 



I Computers 

Of their total expenditures to date for technology 
(as defined in this report), schools have spent the 
most on computers. Over the past decade, schools 
have spent roughly $500 million on new comput- 
ers. Between 1989 and 1992, for example, schools 
added 1.1 million computers, increasing their in- 
ventory by nearly 50 percent, from 2.4 million to 
3.5 million. 

The typical high school in 1 992 had 54 comput- 
ers (median), and the typical elementary or middle 
school had about 25 (see figure 3-2). The United 
States leads the world in sheer numbers of com- 
puters in schools (see box 3-1 ), although many of 



National I'.clucalion Association, Suiliis «/ ihc Anicru -in t'uhliv School Teacher 1990-91 (Washington, DC; National Education Associa- 
tion, 1992). 
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FIGURE 3-2; Installed Base of Computer and Video 
Technologies in Typical Schools, 1991-92 
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SOURCES- R E. Anderson (ed.). Computers in American Schoo/s J992; An Overview (Minneapolis, MN: University of 
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Year (Arlington, VA Corporation for Public Broadcasting, 1993). 
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BOX 3-1: Results 1rom an International Study of Computers in Education 



In 1989, the International Association, for the Evaluation of Educational Achievement (lEA) conducted its 
first Computers in Education study of schools in 23 countries, including Austria, Germany, Japan, the Neth- 
erlands, and the United States.^ Surveys were conducted in each of three types of schools: elementary 
schools (those with a 5th grade), middle schools (those with an 8th grade), and high schools (those with 
the last year of secondary education). Within each school sampled, the principal, a computer coordinator, 
and several teachers completed questionnaires. At that time, nearly 100 percent of schools in the United 
States had some access to computers. Advanced 16- or 32-bit computers were found to be rare all over 
the world. • 

In 1992, the survey was repeated in the aforementioned five countries, and in eight more. In addition, 
the 1992 study also tested over 69,000 students in grades 5, 8, and 1 1 in 2,500 schools to assess their 
practical computer knowledge. Western European students had the highest scores, followed by American 
students, then Japanese students. The Western European countries in the study have a formalized com- 
puter education curriculum, while the United States does not. Japan only recently has introduced comput- 
ers into its educational program. 

Results from the survey indicate that the United States leads the world in raw number of school comput- 
ers as well as in computer density (the ratio of computers to students). However, because American 
schools started introducing computers years before most other countries, they now have many more older 
8-bit machines. If countries are compared on the median percentage of their school computers that are 16- 
or 32-bit computers, the United States falls well below the other countries. 



1 Twenty-three countries participated in the 1 989 study, and 1 3 in the 1 992 study. Currently published data are available for the 
1 992 survey of these five countries 

SOURCE: Ronald E. Anderson (ed ). Computers in American Schools 1992: An Overview. lEA Computers in Education Study (Minne- 
apolis, MN: University of Minnesota, 1993) 



those in current inventory are older 8-bit models, 
as discussed below. 

Projections based on these data indicate that as 
of spring 1994, the number of computers used for 
instruction in K-12 public and private schools to- 
taled about 4.95 million.^ During the last three 
years, the total number of computers in schools 
has risen by about 18 percent annually — about 
700,000 more computers per year — compared 
with an annual net of about 15 percent during the 



1980s.^ Further projections suggest that by spring 
1995, instructional computers in the United States 
will number about 5.8 million units — or approxi- 
mately one computer for every nine students.^ 

Age and Power of Computers 

Over the past decade most schools have acquired 
computers incrementally, making purchases on 
different occasions. Consequently schools often 



^ Ronald E. Anderson. "Hardware Projection.s in K- 1 2 Schools," technical memo from the iEA Computers in Education Study. University 
of Minnesota, Oct. 22, 1994. Projections based on 1992 IEA data. op. cit., footnote 2. and Quality Education Data. Technology in Public 
Schools. 1993-94 (Denver. CO; Quality Education Data. 1994). 

8 Although industry sales indicate alx)ut 1 million units are sold each year, the instructional inventory only increases by 700,000 because 
schools discard some and use some mainly for administrative pur|x)ses. 
' Anderson, op. cit.. footnote 7. 



ERIC 



Chapter 3 Technology Access and Instructional Use in Schools Today 1 95 



FIGURE 3-3: inventory" of School Computers by Age/Power of Computers, 1992 
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SOURCE; R.E. Anderson (ed.). Computers in American Schools 1992 An Overview (Minneapolis. MN University ol Minnesota. 1 993). 



have machines of varying age and power. The 
8-bit Apple II computer, the most popular com- 
puter marketed to K-1 2 schools for use in instruc- 
tion in the 1980s, still comprises a large portion of 
school computer inventories even though it is no 
longer made and cannot run most newer software. 
As of 1992, one-half of the computers used for 



instruction in the United States were 8-bit com- 
puters, primarily Apple lis. An additional 26 
percent were somewhat more powerful but still 
comparatively limited computers with 16-bit pro- 
cessors and 8-bit transmission buses (see figure 
3-3).'^ Most new software being designed today 
cannot run on either of these types of machines. 



'° These machines include ilie Apple lIgs and the IBM XT 8088. 
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Outdated inventories are particularly pro- 
nounced in elementary schools. The number of 
newer 16- and 32-bit computers has grown most 
rapidly at the high school level, where the invento- 
ries have been shifting fairly quickly away from 
Apple II and toward IBM PC-compatibles. (Many 
school districts moved Apple lis from high 
schools into elementary schools.) In 1992, over 40 
percent of the elementary schools had no comput- 
ers newer than Apple IIs.^' 

Why are there still so many Apple II computers 
in K-12 schools? First, until recently their unit 
costs remained lower than the more powerful 
16-bit models. Second, until only four or five 
years ago, more software aimed at the school mar- 
ket was available for the older model computer. 
And third, schools tend to continue to outfit labs 
and classrooms with more of the same kind of 
computers they already own, to accommodate all 
the students in a classroom at the same time or 
within a reasonable period. 

Enhanced Capabilities and Peripherals 

In the brief history of personal computers, there 
have been several technological advances that 
might be called "order-of-magnitude" improve- 
ments — changes involving a 10-fold increase in 
speed, miniaturization of components, or a 
10-fold improvement in capabilities. For exam- 
ple, at the beginning of the 1980s, floppy disks 
quickly replaced audiocassettes as input-output 
storage devices because they enabled users to ac- 
cess data at least 10 times as fast. Obvious exam- 
ples today are the 16- and 32-bit computers whose 
order-of-magnitude increases in RAM memory 
and speed accommodate much more complex 
software than older machines; slowly these newer 
models are displacing 8-bit computers in schools. 

Four other order-of-magnitude improvements 
in personal computers have the potential to revo- 
lutionize computer use in schools: hard disk stor- 
age, LANs that connect computers within the 



school building, CD-ROMs, and laser printers. 
The first three each promise 10-fold or greater in- 
creases in access to programs and data beyond the 
typical floppy-disk-based computer. Laser print- 
ers — especially in conjunction with LANs — 
promise substantial improvements in both the 
speed and appearance of printed output. All of 
these innovations have been widely implemented 
in business settings. What about in schools? 

With hard disks and LANs, teachers and stu- 
dents can store program and data files without 
worrying about the mechanics of loading pro- 
grams from diskettes. As of spring 1992, hard 
disks and LAN-connections were each available 
on about 20 percent of all K-12 school computers. 
Based on current purchasing trends, the Office of 
Technology Assessment estimates that at least 25 
percent of school computers have both LANs and 
hard disks today, and perhaps one-third now have 
one or the other. 

LANs are somewhat less prevalent in elemen- 
tary schools than in high schools: 16 percent of 
elementary school computers were part of a LAN 
compared with 24 percent of high school comput- 
ers. Similarly, hard disks are found much more 
often on high school computers. As of 1992, 30 
percent of high school computers had hard disks 
compared with only 12 percent of elementary 
school computers. '2 

CD-ROM drives allow storage of and easy ac- 
cess to large amounts of data, including text com- 
bined with detailed illustrations, animation, 
sound effects, and spoken language. Schools are at 
a much earlier stage in acquiring CD-ROM stor- 
age than hard disks and LANs, although CD- 
ROM drives are among the fastest growing 
computer peripherals. According to one survey 
conducted during the 1 992-93 school year, 44 per- 
cent of U.S. public schools had at least one com- 
puter equipped with CD-ROM, nearly triple the 
percentage found two years earlier; as with other 
computer technologies, high schools were more 



' ' Anderson, op. cit.. footnote 7. 
Hard disks and l.AN data from 1992 lEA survey, op. cit., footnote 2. 
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likely to have CD-ROM than elementary schools 
(see figure 3-4).'^ Unfortunately, surveys have 
not yet collected data on the number of school 
computers equipped with CD-ROM, nor on 
whether computers so equipped reside on a net- 
work, what levels of schools have them, or how 
much they are used. CD-ROM equipped comput- 
ers tend to be placed in the school library or media 
center, to make them accessible to a larger number 
of students and teachers. 

Since the mid-1980s, when teachers and stu- 
dents began using computers as word processors, 
schools have also invested heavily in printers. In 
1989, for example, schools had one printer for ev- 
ery three computers, although more than 90 per- 
cent of these printers were the slower dot-matrix 
kind. Four years later, dot-matrix printers still 
made up nearly 90 percent of the inventory of 
school computer printers. Between 1989 and 
1992, high schools acquired an average of one la- 
ser printer, but they also acquired seven more dot- 
matrix printers per school. Even less change 
occuned at elementary and middle school levels. 
In 1992, only one-sixth of elementary schools and 
one-third of middle schools had a laser printer for 
teacher or student use, compared with about two- 
thirds of high schools.''* 

Together these data suggest that some of the 
more promising uses of computers by teachers 
and students — desktop publishing, mathemat- 
ics instruction using analytic graphing and cal- 
culating software, information-gathering from 
CD-ROM encyclopedias or network data- 
bases — can only be accomplished in a limited 
way, if at all, on most of today's school com- 
puters. 

Location of Computers 

As discussed above, the speed, memory, and pe- 
ripherals available on school computers affect the 
ways teachers use them in their teaching and pro- 




About half of all public schools have at least one computer 
with a CD-ROM drive. They are often placed in central 
locations like this high school library 



fessional activities. Another key factor that affects 
how teachers use computers is the location of the 
computers within the school building. Placing 
several computers in a common location, such as a 
computer lab, enables teachers to use computers 
with the whole class simultaneously, but also 
makes it more difficult for teachers to integrate 
computer activities with other learning activities 
throughout the day. When computers are in labs, 
teachers lack the easy access needed to use them as 
an everyday tool or resource. Aboutone-half of all 
computers used for instruction in 1992 were lo- 
cated in centralized computer labs, while about 35 
percent were located in teachers' classrooms. The 
rest were placed in other special instructional 
rooms, libraries, or offices.'^ As schools' invento- 
ry of computers continues to grow, more comput- 
ers will probably be placed in classrooms, 
although experience from the past decade sug- 
gests that this is likely to occur gradually. 

OTA site visits suggest that schools with a sub- 
stantial inventory of technologies are investing in- 
creasingly in laptop computers, which can be 
moved around the school building and taken home 



I' Market Data Retrieval, Kclucational Technology 1993: A Survey of the KI2 Market (Shdton, CT; Market Data Retrieval, 1993). 

lEA data, op, cit„ footnote 2, 
15 Ibid, 
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FIGURE 3-4: Percentage of. Public Schools Owning Specific Technologies, 1993 




SOURCE: Market Data Retrieval. Education and Technology. 1993: A Survey of the K-t 2 Market (Shelton. CT: 1993). 



by teachers and students. Some schools place their 
laptops on carts that can be wheeled around to 
make any teacher's classroom into a temporary 
computer lab. ' ^ No data are available on the num- 
ber of laptops currently owned by schools. Simi- 
larly, some districts and states are investing in 
computers for teachers (workstations) equipped 
with software and tools commonly needed by 
teachers. Again, no systematic data are currently 



available on teachers' access to this kind of 
resource. 

Differences in Computer Resources 
Among Schools^'' 

The student-computer ratio gives some indica- 
tion of how many students have to share a comput- 
er, This ratio has declined dramatically over the 



'^Sec,c.g.,JoIinR.Mergencloneretal., "Case Studies: Exemplary Approaches loTraitiingTeachcrsTo Use Technology," contractor report 
prepared for the Office of Technology Assessment, September 1994. 

" Unless otherwise indicated, the data in this section are taken from Ronald I-. Anderson ct al.. Conipuiers in American Schnols 1992: An 
Overview, International Association for the Evaluation of Educational AchievL-ment Computers in Education Study (Minneapolis. MN: Univer- 
sity of Minnesota, 1993',. 

The number of students enrolled in a school divided by the number of computers available for students to use. 
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past 10 years; as of 1992, United States schools 
averaged one computer for every 13 students. 
Closer examination of available data suggests, 
however, that there is enormous variability in stu- 
dent-computer ratios from school to school. For 
example, there are vast differences between 
schools with the lowest "computer density" (in the 
20 percent of schools with the fewest number of 
computers per capita) and those with high com- 
puter density (in the 20 percent of schools with the 
largest number of computers per capita). For ex- 
ample, elementary schools with high computer 
density average only seven students sharing a 
computer, while those with low computer density 
average 35 students sharing a computer (see table 
3-1). 

There is also a wide range in student-computer 
ratios across states — varying from a low of eight 
students per computer in Wyoming to 22 per com- 
puter in New Hampshire (see figure 3-5). This 
variability may reflect the fact that some schools, 
districts, and states launched large-scale technolo- 
gy initiatives over the past several years, while 
others have emphasized different educational re- 
forms, placing less emphasis on computer ac- 
quisition.^^ 

Another way of looking at whether computers 
are equitably distributed is to compare the stu- 
dent-computer ratios of schools having different 
demographic characteristics. Using the most rep- 
resentative national data available, this kind of 
analysis shows that the most pronounced differ- 
ences in computer density among schools at the 
same level (e.g., comparing elementary schools 
with each other) are between small schools and 
large schools. Schools with fewer students tend 
to have many more computers per capita. Sta- 
tistical analysis suggests that these differences are 
not simply due to differences between urban and 
rural schools. For example, in middle schools, 




Placing computers together in a computer lab is common 
and supports some forms of ir)Struction. Teachers also need 
computers and other technologies in the classroom if they are 
to use them regularly as teaching tools. 



where the differences are most pronounced, small 
schools have approximately 14 students per com- 
puter, while large schools have 24 (see table 3-1). 
This pattem of more resources in smaller schools 
also holds for video equipment such as VCRs and 
televisions.20 This finding may reflect the tenden- 
cies of many districts to allocate technology funds 
on a per building basis, rather than a per student 
basis. It could also reflect commitment to provid- 
ing every school building with what is viewed as a 
"critical mass" of technology (e.g., 30 computers 
for a lab). 

The percentage of minority students in a school 
has a different relationship to student-computer 
ratios across the three school levels. While there 
are small differences among elementary schools 
with different proportions of minority children 
(see table 3-1). there are no differences among 



I' Ronald E. Anderson, "State Technology Activities Related to Teachers," contractor repoil prepared for the Office of Technology Assess- 
ment, Nov. 15, 1994. 

20 CPB data, op. cit., footnote 3. 

J. I. 
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TABLE 3-1: Average Student-Computer Ratios m 1992 by Computer Density, 
Sctiooi Control. School Size, and Percent. Minonties 



Elementary 



Middle 



High School 



Computer density^ 

Lowest 20% 
Middle 60% 
Highest 20% 

School control 

Private 
Public 

School size'' 

Small 
Large 

Percent minorities 

0-3% 

4-24% 

25-100% 



34.5 
15.8 
72 

20.5 
17.5 

15.9 
22.5 

16.7 
18.6 
18.7 



35.5 
14.0 
5.4 

18.2 
15.1 

14.4 
24.3 

14.0 
16.2 
18.3 



31.4 
10.4 

3.7 

15.2 
11.9 

11.5 
17.1 

12.5 
12.5 
12.4 



^ Schools were divided into three groups based on the computers per capita . "Highest 20%" refers to the 20% of schools 
that have the most computers per capita. "Lowest 20%" refers to the 20% of schools with the fewest number of comput- 
ers per capita. 

" The dividing point between small and large schools was at an enrollment of 500 students at the elementary level. 700 
students at the middle school level, and 11 00 students at the high school level. 

SOURCE; R.E. Anderson (ed.). Computers in American Schools 1992: An Overview. (Minneapolis. MN University of 
Minnesota. 1993). table 2.3. p. 17. 



high schools. The largest differences appear in 
middle schools, where schools with less than 4 
percent minority enrollments have an average of 
14 students per computer, while schools with 
more than 24 percent minority enrollments have 
18 students per computer. 

Ratios of students to computers do not indicate 
which students within the schools have access to 
and experience with computers. Research done in 
the 1980s found that in the early years of computer 
adoption in schools, poor and minority students 
had less access to computers both at home and at 
school. In addition, data showed small gender dif- 
ferences favoring boys over girls in access to com- 
puters in school.21 Some recent data from the lEA 



study suggest that while giris are still somewhat 
less likely to report using computers at school or 
receiving instruction in computers, ethnic minor- 
ity students are slightly more likely than white 
students to report having had these opportunities. 
The authors of this report write: 

The advantage of ethnic minority students 
over white students will come as a surprise to 
those who read the statistics from previous stud- 
ies in the early to mid-1980s. Further investiga- 
tion of the forces behind this pattern is needed, 
but we might speculate that the minority advan- 
tage at the 5th- and 8th-grade levels stems from 
the success of programs like Chapter One which 



" See Rosemary E. Sutton, "Equity and Computers in the Schools: A Decade of Research," Review of Educational Research, winter 1 99 1 , 
vol, 61, No. 4, pp. 475-503. 
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FIGURE 3-5: Average Numbei' of Students per Computer by State, 1.994 




NOTE: Students per computer is a measure of how many students have to share a computer. Smaller numbers (e.g.. 8.0) mean that fewer students 
have to share a computer 

SOURCE: Quality Education Data, Technology in Public Schools. 1993-94 (Denver. CO. 1994). 



fund the purchase of new technology to be used 
with disadvantaged students.^^ 

How Much Do Students Use Computers? 

There are few reliable data about how much the 4 
million-plus computers in schools are actually be- 
ing used; the only estimates are rough ones. One 
problem is that reports of use vary greatly depend- 
ing on the source. For example, using reports of 
computer coordinators and making certain as- 



sumptions about shared use of computers (i.e., 
that one-half of the time students share a computer 
with a peer, and both are profiting from its use si- 
multaneously) yields the following estimates: 

■ Computers are used about one and tliree-quar- 
ters hours per student per week at elementary 
schools. 

■ Computers are used approximately two hours 
per student per week at middle schools. 



Anderson, op. fit., footnote 2. p. 81. 
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SchCMis are beginning to invest in laptop computers 
because of the flexibility they provide. These students use 
computers like books or notepads, taking them wherever 
they go. 



■ Computers are used approximately three hours 
per student per week at high schools. 

■ On average, computers are used about two 
hours per week per student across all school 
levels.2^ 

The students themselves, however, report 
much less frequent use: 24 

■ 24 minutes per week in grade 5, 

■ 38 minutes per week in grade 8, and 

■ 61 minutes per week in grade 11. 

At most, this is only one-third of the time esti- 
mated from the coordinator reports. There are sev- 
eral possible explanations. School computers may 



be sitting idle much more than the adults reported; 
students may be underestimating their experi- 
ences; some students may be having rather inten- 
sive computer experiences while the rest are 
having more limited, occasional, or exploratory 
ones. Available data do not provide answers to 
these questions.25 

The data from both the coordinators and the 
students suggest that, in the aggregate, older stu- 
dents who use computers to any significant extent 
use them two to three more times during a typical 
week than younger students do. However, uni- 
versality of use— providing experience with com- 
puters to all students— is more likely at younger 
grade levels. For example, student data suggest 
that 74 percent of all 5th graders used computers 
during the year on more than a few occasions, in 
comparison to 57 percent of 1 1th graders. 

How Many Teachers Use Computers? 

Data on the number of teachers who use comput- 
ers vary greatly depending on how one defines a 
"computer-using teacher." Two different defini- 
tions—one quite inclusive, the other much more 
stringent— yield very different estimates. In addi- 
tion, these definitions have focused on use of com- 
puters for direct instruction with students only; no 
data are available on other teacher uses such as'ad- 
ministrative tasks or professional development. 

In the 1992 lEA survey, a "computer-using 
teacher" was defined liberally as a teacher who 
"sometimes" used computers with students. Us- 
ing this broad defmition of how much teachers 
themselves report using computers, 75 percent of 
5th-grade teachers, and about half of 8th- and 
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1 Ith-grade teachers were found to be "computer- 
using" teachers. 

A more stringent way to define "computer-us- 
ing" teachers is to include only those teachers who 
clearly required most or all students to do work on 
computers.^^ Under that definition, about one- 
half of 5th-grade teachers, one-third of 8th-grade 
English teachers, and one-fifth of 1 1 th-grade Eng- 
lish teachers qualify — roughly 20 to 30 percent- 
age points fewer than under the other definition. If 
an even more stringent criterion is employed, one 
related to frequency of use,^^ the percentage of 
teachers who identify themselves as "computer 
using" is even lower — about one-third the size of 
the original group. Thus, the percentage of 
teachers classified as computer-using teachers 
is quite variable and becomes smaller as defini- 
tions of use become more stringent. 

Instructional Uses of Computers by Teachers 

Over the past decade, the advice of "experts" in 
educational technology about what teachers 
should do with computers has been constantly 
changing — from BASIC programming, to Logo 
programming, to tutorials provided by integrated 
learning systems, to generic computer applica- 
tions such as word processing, to activities 
integrated with existing curricula, to student- 
developed multimedia presentations, and now to 
telecommunications-based learning communi- 
ties^^ (see box 3-2). According to survey data, 
however, when teachers are using technology 
for instruction they do so in much more tradi- 
tional ways. 



For example, lEA survey data indicate that the 
most common activities on computers for elemen- 
tary students have been drills in basic skills and 
instructional games. Also popular at all levels are 
general "computer literacy" activities: use of vari- 
ous instructional programs and generic computer 
applications such as word processing. School 
computer coordinators estimate, for example, that 
students spend the most computer time learning to 
type on computer keyboards and use word-pro- 
cessing programs. Interestingly, the estimated 
share of computer time students spend on mathe- 
matics declines between elementary school and 
high school from 1 8 to 8 percent, suggesting that 
math teachers are using computers primarily for 
students to practice arithmetic skills rather than to 
solve higher-level mathematics problems. Be- 
tween 1989 and 1992, the one significant change 
in the allocation of student computer time was a 
one-third decline in the time spent teaching stu- 
dents computer programming as a part of comput- 
er literacy education. 

Available data suggest that in secondary 
schools, computers are used relatively infre- 
quently for teaching and learning in traditioii- 
al academic subjects, far less than in classes 
focused on teaching students about comput- 
ers.^' Although most middle-school and high- 
school students reported using computers for at 
least one academic subject, for most subjects, this 
meant using computers only once or twice over 
most of the school year. If one ..Aamines only 
those classes for which students had used school 
computers on at least 10 occasions during that 



The criterion used by Becker (see footnote 1 ) was that at least 90 percent of a teacher's students actually have used computers' for their 
class as reported by the teacher. This presumably counts only those cases where students use computers at the teacher's instruction rather than 
totally on their own initiative. 

•'^ For example, when the class is using computers, a typical student will do so at lea;;t once during the week; or during the school year an 
average student will have had six experiences using any one of several types of software such as word processing, "print shop" programs, or 
desktop publishing. 

Henry Jay Becker, "Computer Experience, Patterns of Computer Use, and Effectiveness— An Inevitable Sequence or Divergent National 
Cultures'"" Studies in Educational Evaluation, vol. 19, rW3, pp. 1 27-148. 
lEA Student data, op. cit., footnote 2. 
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BOX 3-2: Timeline of Changes in the Prevailing Wisdom of "Experts" About How 
Teachers Should Use Computers in Schools 



Teachers are told to: 
Rationale: 

Teachers are told to: 
Rationale: 

Teachers are told to: 
Rationale: 

Teachers are told to- 
Rationale: 

Teachers are told to; 
Rationale: 

Teachers are told to: 
Rationale: 



Teachers are told to; 
Rationale; 



1982 

Teach students to program in BASIC. 

"it's the language that comes with your computer." 

1984 

Teach students to program in LOGO. 

"Teach students to think, not just program." 

1986 

Teach with integrated drili and practice systems. 

"Individualize instruction and increase test scores." 

1988 

Teach word processing. 

"Use computers as tools, like adults do." 

1990 

Teach with curricuium-specific tools {e.g., history databases, science 
simulators, data probes). 

"Integrate the computers with the existing curriculum." 
1992 

Teach multimedia hypertext programming. 

"Change the curriculum — students learn best by creating products for an au- 
dience." 

1994 

Teach with internet telecommunications. 

"Let students be part of the real world." 



SOURCE. H.J. Becker. "Analysis and Trends of School Use of New Information Technologies." Officeol Technology Assessment con- 
tractor report, March 1994. 



school year (i.e., once every three weeks since the 
survey was completed 30 weeks into the school 
year), more than one-third of secondary school 
students reported using computers this often in a 
computer class, but for other subjects the percent- 
ages were much lower: 9 percent for an English 
class, 6 to 7 percent for a math class, and only 2 to 
3 percent for a social studies or science class. 
Since word processing is a major activity in sec- 
ondary school computer education classes as well 
as in business education classes, it seems clear that 
high school is still primarily a place to learn 
how to use word processing, rather than a 



place where teachers have students do word 
processing in order to achieve other academic 
goals. This is even more likely for other applica- 
tions, such as spreadsheets and database pro- 
grams, which have been less integrated by 
teachers into subject-matter instructional prac- 
tices than word processing. 

At the elementary school level, the survey 
data suggest that students use computers over- 
whelmingly in an exercise mode— doing drills 
and playing various kinds of games with 
instructional content — rather than in a pro- 
ductivity mode, using computers as a tool to 
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solve problems or create products. For example, 
53 percent of 5th graders said that they used 
school computers to play games on 1 0 or more oc- 
casions during that school year, while 13 percent 
said they did word processing. Similarly, about 65 
percent of 5th-grade teachers report that comput- 
ers in their classes are mainly used for language 
arts skills practice and games, while 18 percent 
say they are used primarily for writing and word 
processing; about 17 percent report both catego- 
ries of use. 

I Video Technologies 

The past several years have witnessed a growing 
interest in teaching that uses video as a resource. 
This is due, at least in part, to the expansion of 
cable programming with educational content, the 
widespread availability and familiarity with vi- 
deocassette recorders, developments in computer- 
based video, and an increase in the supply of 
videodiscs for schools. 

For the next several years, the basic projection 
mechanism for video will likely remain the televi- 
sion set or the composite (computer) monitor. 
Nearly every school in the country has at least one 
TV set for use in the instructional program. Ac- 
cording to a 1991 survey of public schools, the 
mean number of sets per school was 12; the me- 
dian per school was seven sets.^^ 

Unlike the case for computers, the availability 
of television sets is nearly the same among ele- 
mentary, middle/junior highs, and high schools. 
In 1 99 1 , there were slightly more than four televi- 
sion sets for every 10 full-time teachers at each of 
those levels. In a 1 993 survey, 41 percent of teach- 
ers reported having a television set in their own 
classrooms.^' 

Almost every school in the United States has at 
least one VCR. As of 1991 , the mean number per 



public school was 6.3, or one for every 1 .9 televi- 
sions. As with televisions, elementary, middle, 
and high schools have about the same number of 
VCRs per capita. The typical school has one for 
every five teachers. 

Teachers use VCRs for showing commercially 
produced videos and for recording programs from 
cable or broadcast television and showing them 
later. Most schools maintain a library of prere- 
corded cassettes. Based on Corporation for Public 
Broadcasting (CPB) data, 67 percent of teachers 
reported that they record shows at home for school 
use, and many others said that they ask other 
school personnel to make recordings for them. 

It if. interesting to note that, unlike most sur- 
veys on computers in schools, data on video and 
television are given at the classroom level, or per 
teacher, rather than per student. This may reflect 
the fact that, unlike computers, video technolo- 
gies are seen more as technologies to be controlled 
by the teacher, who presents information to 
groups of students or the entire class, rather than 
technologies operated by individual students. 

Cable and Satellite Connections 

Teachers have an increasing number of sources of 
video programming beyond prerecorded cas- 
settes, educational broadcasting, and recordings 
made at home. Between 1991 and 1993, there was 
a 25 percent increase in the proportion of schools 
with direct cable connections,^^ so that now as 
many as three-fourths of all schools have cable 
somewhere in the school building. Another sur- 
vey found that roughly one-third of all teachers in 
the sample reported having cable TV service in 
their own classroom.^^ "Access to cable" can 
mean different things to different schools, how- 
ever, depending on the channels carried by the lo- 
cal cable provider and the type of service to which 



CPB survey, op. cil.. footnote 3. Tlic large differenee between mean and median suggests that while most schools have a few television 
sets, a small minoiity have made a substantial investment in televisions, enabling most teachers to have one in their rooms. 

" NEA Communication Survey, op. cit., footnote 4. 
Market Data Retrieval, op. cit., footnote 1 3. p. 1 40. 
NEA Communications Survey, op. cit., footnote 4. 
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Unlike videotape, which must be played in a linear fashion, 
videodiscs allow students and teachers to browse through, 
capture, and play video images in any order. 



the school subscribes. One study, for example, 
reported that, although 61 percent of schools re- 
ported having access to the Public Broadcasting 
System (PBS), and almost as many had access to 
national commercial broadcast networks, far few- 
er had access to commercial cable channels that 
offer a number of educational programs, such as 
the Discovery Channel (35 percent) or the Learn- 
ing Channel (16 percent). 

An increasing number of schools and districts 
are obtaining satellite dishes, giving them a wider 
selection of programming than that offered by 
their local cable distributor. According to one re- 
port, the proportion of schools directly accessing 
satellite broadcasts nearly doubled between 1991 
and 1993.35 of 1993^ 50 percent of all school 
districts reported having a satellite dish as did 17 
percent of all public schools. High schools are 



more likely to have satellite dishes than are middle 
or elementary schools (see figure 3-4).-'^ 

One contributor to the recent growth of satellite 
dishes in middle and high schools has been the 
Channel One project created by Whittle Commu- 
nications, Inc. (and now owned by K-III Commu- 
nications). Whittle installed satellite reception 
systems in schools that committed to show stu- 
dents "Channel One," a daily 12-minute news 
program, which includes two minutes of commer- 
cials. Each participating school also received two 
VCRs and enough 19-inch television sets to put 
one in each classroom. 

By the spring of 1993, three years into the pro- 
gram, approximately 12,000 schools were receiv- 
ing Channel One, according to Whittle. A 
three-year evaluation report of Channel One trans- 
lates this to mean an audience of over 1 8 million 
teens, or almost 40 percent of the 12- to 18-year- 
olds enrolled in school.-'^ With these participation 
numbers, the Channel One offer seems to have 
contributed substantially to the installed base of 
video technologies in middle and high schools 
throughout the country. Some evidence suggests 
that this impact may be greater in poorer school 
districts. One survey found Channel One partici- 
pation to be higher among districts with a poverty 
rate exceeding 25 percent than in districts with 
poverty rates under 5 percent (42 percent vs. 25 
percent).-'^ 

Videodisc Players 

Teachers use instructional videodisc differently 
than they use videotapes. Teachers commonly 
videotape programming to show in a linear for- 
mat; for example, to have • students watch a 
10-minute instructional television segment or an 
hour-long program from beginning to end. An 
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Andrew Russell, CPB, personal communication, Dec. 9, 1993. 

Market Data Retrieval, op. cit., footnote 13. The specific rale of increase reported was 85 percent. 
Ibid., and CPB survey, op. cit., footnote 3. 

Jerome Johnston and Evelyn Brzezinski, Taking the Measure of Channel One: A Three Year Perspective (Arin Arbor, MI; University of 
Michigan, Institute for Social Research, January 1 994). 
'8 MDR, op. cit., footnote 13. 
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instructional videodisc, by contrast, usually con- 
tains many thematically related but short (under 3 
minutes) discrete segments of action and still vid- 
eo. The teacher or student can access and directly 
control the segments of visual and audio materi- 
als. Using a remote control, barcode reader or 
computer equipped with hypermedia software, 
the teacher can browse through, access, and play 
different segments of video in any order — using 
them, for example, to illustrate and enhance a pre- 
sentation or discussion. 

The number of public schools with at least one 
videodisc player doubled between 1991 and 1993, 
to 41 percent.3^ During that period the variety of 
educationally appropriate videodisc software in- 
creased substantially, and at least two states al- 
lowed videodiscs to appear on the list of "texts" 
approved for adoption as options to printed text- 
books. As with many other technologies, more 
high schools report having a videodisc player than 
do middle and elementary schools (see figure 3-4). 

Still, in terms of access, the question is not 
whether a school has videodisc equipment but, 
rather, what proportion of teachers can use the 
videodisc equipment without difficulty. In a 1991 
survey of teachers, only 12 percent reported that 
they had videodisc players readily available to 
them in their schools. Furthermore, less than half 
of those teachers reported actually using the vid- 
eodisc regularly for instruction (see figure 7>-\).^ 

Camcorders 

Camcorders and other video equipment allow stu- 
dents and teachers to undertake new kinds of 
learning activities, such as making their own vid- 
eo reports or recording student presentations. 
Most schools have at least one camcorder; as of 
1991, this was true of 80 percent of elementary' 



schools and 90 percent of middle and high 
schools. Some 8 percent of all schools even had 
their own TV studio in 1 99 1 , including 22 percent 
of high schools. But not every school makes this 
equipment available to teachers or students. Ac- 
cording to one survey, just slightly more than half 
of the schools with camcorder or studio facilities 
used these for student instructional activities, in- 
cluding giving students production experience or 
feedback on their own performance in a classroom 
activity.^' 

How Much Are Video Technologies 
Used in Schools? 

Available data on teachers' use of video resources 
reflect conditions in the spring of 1 99 1 .^^ For tele- 
visions, VCRs, and other video resources whose 
use has been reasonably stable over time, the 1 99 1 
information is still useful; for videodisc, CD- 
ROM, and emerging technologies where use is 
expanding quickly, the 1991 data are clearly in- 
sufficient. 

Most teachers in the United States make some 
use of video-based instruction during the year.^^ 
In the CPB survey, about 80 percent of U.S. teach- 
ers said they had used instructional television or 
video some time during the school year. About 
one-half of all teachers (51 percent) said they had 
used TV or video in teaching in the past month. 
The teachers most likely to have used video re- 
cently are elementary school teachers and second- 
ary science and social studies teachers. 

Estimates derived from the CPB data suggest 
that across all subjects, secondary students, on av- 
erage, spend one and-one-half hours per week 
watching video material in school. The average 



MDR, op. cit., footnote I J, p. 81 
* NEA, op. cit., footnote 6, pp. 53-54. 
CPB survey, op. cit., footnote 3. 
Ibid. 

Although the survey questions specifically asked about "video," use of film media was not explicitly addiesscd in instructions to teach- 
ers, making it difficult to know how much film use is incorporated into these statistics. 
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elementary student is estimated to watch video in 
school for slightly more than one hour per week. 

I Technologies for Two-Way 
Communication 

The instructional technologies discussed above 
are used primarily to transmit information or to 
help develop student competencies. But it is 
another function of instructional technology 
where applications are expanding rapidly — to fa- 
cilitate two-way communication, allowing teach- 
ers and students to share their ideas, questions, 
and productions with the world outside of their 
school. As schools attempt to make learning 
more meaningful to students and to anchor it 
in ''real world" examples and experiences, 
more and more educators are looking for tech- 
nological tools that help teachers and students 
to communicate with the outside world. 

Schools are acquiring and exploring a range of 
technologies and tools that facilitate two-way 
communication. These include new ways of using 
older technologies such as telephones, facsimile 
machines (fax), and modems; combinations of 
different technologies, such as distance-learning 
systems; and new kinds of telecommunications 
hardware, software, and services. Because many 
of these latter applications are so new in schools 
and are expanding so rapidly, up-to-date survey 
data about access are not available. However, 
some data have been collected about telephones, 
modems, fax machines and distance-learning 
technologies in schools; these are discussed be- 
low. 

Telephones and Fax Machines 

Telephones and fax machines are two commu- 
nications resources with great potential for teach- 
ing and learning; too often, however, they usually 



are accessible only to school administrators. Ac- 
cess to telephones, in particular, is currently a ma- 
jor technology issue being discussed by teachers' 
organizations. Although one-third of all teach- 
ers in a recent survey felt it was "essential" to 
have a telephone in their classroom, only one 
teacher in eight had a telephone in the class- 
room that could be used for outside calls. Less 
than 1 percent had access to voice mail. Most 
teachers have to make calls from the school office 
or a faculty lounge, where many colleagues share 
a phone and most conversations cannot be held in 
private. Sixty-three percent of teachers surveyed 
felt it is "essential" for parents and teachers to be 
able to contact one another during the school day; 
almost three-quarters of teachers feel that having 
telephones in the classroom would improve 
parent-teacher communication at least "some- 
what.'"*^ 

Among the reasons for restricting teachers' ac- 
cess to phone services are concerns about costs 
and unregulated use. Installation and monthly 
charges tend to be prohibitive for a restricted 
school budget, in part because phone companies 
often charge schools higher-priced business rates 
for installation and message unit charges."*^ 

Teachers seem less interested in having access 
to fax machines. Although approximately one- 
fourth of teachers had access to a fax machine in 
their school, most did not view it as an important 
instructional resource.'*^ Since fax machines are 
relatively rare in schools, it is likely that most 
teachers are not aware of their instructional or ad- 
ministrative potential. 

Modems 

Modems, which allow computers to communicate 
electronically across a telephone line ("telecom- 
puting"), have been available almost from the be- 



NEA Communications Survey, op. cit., footnote 4. 

•*5 Edmund L. Andrews, "MCI Plans To Enter Local Markets," The New York Times. Jan. 5, 1 <)94, p. D 1 ; and U.S. Congress, Congressional 
Budget Office, Promoting High-Performance Computing and Communications (Washington. DC; U.S. Guvemment Mnting Office, June 
1993), pp. 39-43. 

"•^ NEA Communications Survey, op. cit., footnote 4. 
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ginning of personal computing.'*' Although many 
districts have modems, they were originally dedi- 
cated primarily to administrative uses. With the 
advent of new educational applications of elec- 
tronic networking, however, modems have be- 
come an important gateway to telecomputing. 

In recent years schools have begun installing 
more modems for teachers to use for instructional 
activities. For example, in the 1989 lEA survey, 
slightly more than one-fourth of U.S. schools had 
a modem that could be used by teachers or stu- 
dents. By 1992, that percentage had grown to 38 
percent overall, including 60 percent of all high 
schools, 35 percent of middle schools, and 33 per- 
cent of elementary schools.'^ 

As with other technologies, the presence of a 
modem in a school building does not tell much 
about the average teacher's access to telecomput- 
ing. Many teachers may consider access to a mo- 
dem anywhere in the school sufficient for the 
occasional special project. Over the long run, 
however, if telecomputing is to be used regularly, 
classroom access to a modem or alternative con- 
nection will be necessary. 

Distance-Learning Technologies 

The most established educational technologies for 
two-way communication are those used in dis- 
tance learning. For more than a decade, schools 
have used live one-way video technologies via 
satellite or broadcasting in conjunction with two- 
way audio (via phone lines) or other two-way me- 
dia such as computer networks or fax machines to 
expand learning opportunities. Some distance- 
learning projects also involve two-way video 
communication through microwave or fiberoptic 
transmission. Distance learning is most often used 



by schools in remote, rural, or sparsely populated 
areas and by other schools that lack traditional 
educational resources, such as a qualified teacher 
for a low-enrollment course. Distance-learning 
technologies allow high schools, for example, to 
offer courses, such as advanced calculus, Jap- 
anese, and Russian, that may not be available 
otherwise. 

The prevalence of distance learning is difficult 
to estimate, in large part because its definition is 
inexact .and inconsistent. In a 1991 survey, about 
17 percent of districts reported having some ca- 
pacity for live video with interactive capabili- 
ties.'*^ Another survey found that in the 1992-93 
school year, 28 percent of districts had some dis- 
tance-learning capability and that 1 1 percent of all 
schools were involved in distance-learning — 
double the number from their data taken two years 
earlier.^° In this survey, high schools were much 
more likely to have distance-learning capabilities 
(25 percent) than either middle ( 1 0 percent) or ele- 
mentary (8 percent) schools, probably because 
high schools use it to offer advanced courses for 
which they may not have enough students to hire a 
qualified teacher. 

In about 70 percent of the districts with dis- 
tance-learning capabilities, two-way interaction is 
limited to voice-only interactivity through dial-up 
telephone lines,^ ' an arrangement that allows only 
a small number of the participating classrooms to 
communicate on-air with the studio video instruc- 
tor during a given class period. About 20 percent 
of districts' distance learning employs two-way 
video. Available surveys do not assess the number 
of classes or students using distance learning for a 
portion of their instructional time. 



wireless tnodetns, using cellular technology, are also now available. Their use in schools is still very limited, due to the expense of initial 
purchase costs and tlie costs of per minute charges when used for connecting to networks outside the building. 
lEA data, op. cit., footnote 2. 
Calculated from CPB data, op. cit., footnote 3. 
5" Market Data Retrieval, op. cit., footnote 13. District percentages from the MDR file are, however, questionable because of the low re- 
sponse rate in that survey. 

^' Ibid., and CPB Survey, op. cit., footnote 3. 
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A camera mounted on the computer takes pictures or videos 
of learners at one site and sends them to students at other 
locations, adding a personal touch to collaborative group 
work. 

However defined, the use of distance learning 
in K- 1 2 settings has increased considerably in the 
last several years. While fewer than 1 0 states were 
participating in distance-learning projects in 
1987, virtually every state is now involved with 
distance learning in some way. In addition to us- 
ing distance learning for student instruction, many 
states and districts use it for videoconferencing, 
teacher training, and professional development 
(see chapters 4 and 5).^^ 

Technologies for Linking to 

Wide Area Networks and tlie Internet^^ 

There are several possible wajs schools can link 
up with wide area networks (WANs) in general, 
and the Internet in particular (see box 3-3). The 



options for telecommunications connections are 
shifting, as individual modem dial-up connec- 
tions give way to more sophisticated and higher 
speed connections to WANs and the Internet; 
these options include connections via LANs, 
high-speed phone lines, dedicated connections, 
and so forth. Other models of connectivity include 
Integrated Services Digital Network (ISDN), sat- 
ellites, digital cable, or other linking technologies. 
Seveval connectivity formats are described briefly 
below; however, no national data are currently 
available regarding how many schools and dis- 
tricts are using any of these options. 

Direct single modem dial-up 

Connectivity often begins with a pioneering indi- 
vidual teacher making personal connection to a 
network through a dial-up modem — in some cases 
a regular telephone line and a computer outside 
the classroom, in the principal's office or the li- 
brary. The teacher might access any of several ser- 
vices with different features: one aimed primarily 
at Internet connection (e.g., the World Wide Web); 
one that seems easy to use, such as America On- 
line; a state-level network, such as The Texas 
Education Network (TENET); or a special interest 
network such as EcoNet for ecology. Most dial-up 
services now offer some form of Internet connec- 
tivity, and through that, access to other services, a 
factor that is gradually reducing earlier problems 
with unconnected networks.^^ 

LAN-Internet (direct or indirect) 
without video 

To reach the Internet directly, a user must go 
through an Internet node. Nodes are allocated by 
regional network providers who provide network- 
ing hardware as well as the electrical connection. 



5' Market Data Retrieval, op. cit.. footnote 13. 
Much of this section is taken from TERC, "Review of Research on Teachers and Teleeoniniunications," contractor report prepared for the 
Office of Technology Assessment, May 1994. 

^* However, it is important to note that •'Intcrncl connectivity" comes in different levels, starting with e-mail only and progressing through 
access to file transfer. Wide Area Information Servers (WAIS), and other services. Dial-up services have to support each major server function 
like these separately, and arc quickly augmenting their services, However, "full" Internet connectivity of the kind that would support video may 
not be practical through dial-up providers for some time. 
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Some schools have established their own Internet 
node and server at a school and connect that to the 
school's LAN. The server can be a point of pres- 
ence on the network where resources of value 
within the school can be published. As of Decem- 
ber 1994, there were 189 Internet sites in K-12 
schools.^^ For example, the Ralph Bunche School 
in Harlem has its own Internet server. A single 
low-speed data-only line (e.g., 56 Kilobits per 
second (kbps)) is sufficient to support multiple us- 
ers, providing they do not require video or heavy 
use of high-bandwidth services, such as the World 
Wide Web (WWW). 

Other schools avoid the costs of an Internet 
node by using an indirect connection; that is, con- 
necting their LAN to another one nearby that has 
Internet connectivity. This nearby connection 
could be a district headquarters, a college, the high 
school, or a friendly business. Again, a 56-kbps 
dedicated line can support a few dozen teachers 
who use relatively simple applications. 

LAN-Internet with video 

Sending video images over networks requires 
substantial bandwidth and entails higher costs 
than other options. Networking capacity that han- 
dles digital video will also increase the perfor- 
mance of all other kinds of networking. In 
addition, there are new kinds of network-based 
multimedia presentation software, such as WWW 
browsers like Mosaic,^^ that can be used only over 
networks with video capacity, even if they do not 



use video. An Internet connection through a 
"T-l"1.5 Mbps (megabits per second) line con- 
nected to a school LAN could support the entire 
school. 

Although many network services are currently 
offered via single modem dial-up, dedicated ac- 
cess to the Internet is becoming increasingly at- 
tractive t>ecause, although it entails higher costs 
up front, it may be more cost-effective and certain- 
ly less limiting in the long run. Furthermore, these 
connections can support multiple users simul- 
taneously, offer access to many of the most 
innovative and high-powered telecomputing in- 
novations, and serve as a common mode of access 
to a broad range of electronic communities.^^ 

Despite the advantages and growth of alterna- 
tive connectivity scenarios, few schools currently 
have any connectivity options. In those that do, 
most are still using a single phone line connected 
to a dial-up modem and computer. A lack of tele- 
phone lines in schools and especially in class- 
rooms is cited as the greatest barrier to 
teachers' participation in electronic communi- 
ties.^^ As discussed above, many of the tele- 
phones that do exist in schools often serve 
administrative purposes and are not available to 
teachers for classroom use or for making outside 
calls to networks. For example, a recent study of 
TENET reports that "84,683 phone jacks were in 
Texas' 1,058 school districts. However, only 2 
percent of the classrooms had access to a phone 
line."^^ 
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Glcason Sacknian, Coordinator, SENDIT, North Dakota State University, personal communication, December 1994, 
^*/V/o.5nir refers to a class of software tools that originated with the National Center for Supercomputer Applications' Mosaic. Several soft- 
ware tools are now available with similar functions. 

5' For example, sec Yvonne Marie Andres, "Hello Intemet: Tools for the Classroom, Comparison of Internet Connectivity Options," Global 
School Net Foundation, Bonita, CA, May 1994. 

5" Margaret Honey and Andr6s Henrique/., Tciccommunkaliun ami K-12 luluctilors: Fimlinns from ti Nulinnal Survey (New York, NY: 
Center for Technology in Education, Bank .treet College of Education, 1 99.1). 

" WEB Associates, "TENbl' After One Year," paper presented at the annual meeting of the Telecommunication in Education Association, 
February 1993. 
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BOX 3-3; Telecommunications Terms and Concepts 



The creation of networks for microcomputers ushered in a new era In the development of computers. 
Computer networks use electronic pathways (wired or radio-based) to connect one computer with other 
computers, enabling a person at one terminal to communicate with other people, to transfer information 
electronically, and to use computers in a distant location. 

Local area networks (LANs) consist of computers connected together in the same physical area, usually 
within one building. LANs can be connected to other LANs, expanding the people and computers with 
whom users can communicate. Networks of computers able to communicate over larger distances are 
called wide area networks, or WANs. LANs are often a building block for a WAN. WANs may span cities, 
states, or even continents; most are closed systems set up for a specific group of users (e.g., private cor- 
porate networks or state networks). The Internet is neither a LAN nor a WAN but an "Internetwork"— a net- 
work of networks that share a common set of protocols, it provides access to databases and networks 
around the world. LANs are typically used to share resources, such as printers, and to deliver instructions; 
schools typically use WANs or the Internet to access external resources.'' 

The most common network connection for K-12 educators to state networks or the Internet is typically 
made by using a modem and a telephone line. The modem modifies the digital information used by the 
initiating computer so that it can pass across telephone lines. Another modem at the other end restores the 
information to a digital form that can be used by the receiving computer. 

Information Services 

A variety of information services with varying levels of sophistication are available to help people com- 
municate and transmit information across computer networks. To use an information sen/ice, a computer 
must have client software to communicate with the server software at the other computer 

The most common sen/ices of computer networks are electronic mail (e-mail), transfer of computer files, 
and remote log-in. E-mail allows the user to send messages to another person, a group of people (a list), or 
an electronic forum (also called an electronic bulletin board) where many people can read them. Computer 
networks also let users copy and transfer electronic files from a compute," where they are stored, called the 
server, to the user's machine. These files may be written documents, maps, graphics, images or video, or 
software files. Remote log-in enables a user at one location to use a computer at a distant location for such 
activities as searching through library catalogues or making airplane resen/ations. These three sen/ices are 
the building blocks of more sophisticated applications of networks. Some types of connections may sup- 
port only one or two of these three basic uses; for example, a connection may permit sending e-mail to a 
distant colleague but may not support transferring files from that colleague's computer. 

One popular service is a chat room. In a chat room, messages entered by any user immediately show 
up on the screen of all users, and a written record of the conversation is maintained. Chat rooms are a form 
of synchronous communication (participants must be available at the same time); e-mail, by contrast, is an 
example of asynchronous communication (users can communicate on their own schedules). 

A small but growing number of teachers are gaining access to other kinds of information ser\/ices avail- 
able through the Internet, such as Gopher, World Wide Web, and Wide Area Information Sen/ers (WAIS). 
These sen/ices enable people with Internet connections to view and transfer files or to access extensive 
databases (e.g., articles, graphics, software, current weather and weather forecasts, or stock market 
prices). The basic prerequisites for access include the appropriate client software and a modem or other 



' See Denis Newman et al . "Local Infrastructures for School Networking' Current Models and Prospects,' Tectinical Report 
No 22 (New York. NY Bank Street College of Education. Center for Tectinology m Education. May 1992) 
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BOX 3-3 (cont'd.); Telecommunications Terms and Concepts 



connection to a WAN; in addition, the WAN must support the desired service. "Internet connectivity" can take 
place at many different levels. Some WANs have restricted connections to the Internet that allow only certain 
kinds of services, such as exchanging e-mail or using Gopher but not using World Wide Web or WAIS. 

A LAN or WAN that is fully connected to the Internet will support any of the varied and growing services 
that follow Internet protocols— procedures defining how to make new services work over the Internet — and 
will allow users to link with any other computer that is also fully connected. 

Organization and Support Structure 

As yet, there is no one organization responsible for administering or supporting the Internet, so getting 
support in the use of Internet services has been a problem for teachers. Organizations that currently pro- 
vide teachers with connections have only limited support for beginners and have given little thought to 
helping beginners acquire the necessary client programs. Some help is available, however, in the form of 
books, electronic documents, and commercial products that combine books and ready-to-use software.^ 

Some support structures do exist. For each electronic community of teachers, whether organized 
around a curriculum project or a topic of mutual interest, there is typically a group that provides the orga- 
nization and a support structure to help define that community. Typically, the group provides such elements 
as a name, a registration procedure, a framework of expectations, a timeline, print or electronic materials, 
and support services. Examples of organizing structures include: curriculum projects, such as AT&T Learn- 
ing Circles, NGS Kids Network, and TERC's Global Laboratory; discussion groups, such as the Consortium 
for School Networking (CoSN); and programs, such as NASA's Spacelink. 

Educators can access information services through either commercial service providers, such as Amer- 
ica Online, CompuServe, Prodigy, Delphi, and Apple's eWorld; or through nonprofit service providers, such 
as state-supported networks. Both commercial and nonprofit providers are actively soliciting participation 
of teachers, schools, and districts. While these organizations do not presently provide full connectivity to 
Internet resources, they do offer extensive support to users. Some of the state networks have text-based 
menu systems. Commercial providers use graphical software to support inexperienced users and provide 
extensive user support through e-mail, answers to frequently asked questions (FAQs), and an "800" num- 
ber. They also have designed ways to minimize connect time (the time when the phone line is actually in 
use), thereby keeping down the cost of their services. 



2 For example. Ventana Media has published the "Internet Membership Kit," which includes a set of Internet client programs, 
required protocols, and documents for tx)lh Mac and Windows platforms Purchase entitles the user to free Internet account setup, 
one month s free service, and six hours of free online time through an Internet service provider 

SOURCE. TERC, "Review of Research on Teachers and Telecommunications." Office of Technology Assessment contractor report, 
May 1994, 



Faster modems and LANs that enable multiple 
users to connect to outside networks at the same 
time are not yet commonly available in schools. A 
1990 survey of 485 California schools reported 



that only 1 1 percent had access to wide area net- 
work services as well as a local area network; none 
of these schools used their LAN to distribute data 
from the WAN/'° Although these data are surely 
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Denis Newman et ill.. "Local Infrastructure.s for School Networking: Cunent Motlel.s and Prospcct.s." Tahnical Report No. 22 ( New 
York. NY: Bank Street College of Education. Center for Technology In Education, May 1992). 
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out of date by now, they suggest a problem that re- 
mains significant nationally: 

Teachers' and students' access to the educa- 
tional services now appearing on the Internet is 
problematic, because few schools have informa- 
tion infrastructures capable of routing data to in- 
dividual classrooms. Unlike higher education, 
K-12 institutions typically have neither host 
computers powerful enough to allow direct ac- 
cess to the Internet nor a web of telephones and 
modems that could enable individual Internet 
usage through dialing up a provider. Further, 
many schools do not have networks that trans- 
mit data around the entire building, and the net- 
works in individual classrooms often have such 
low bandwidth that sending educational materi- 
al from computer to computer is very slow. In- 
terconnecting different types of networks within 
a school or district is also a complex technical 
challenge.^' 

State-Level Networks 

An increasing number of states are organizing and 
funding state networks for teachers and students 
and sometimes for other public agencies and busi- 
nesses. In a 1993 survey, 33 states reported sup- 
porting one or more telecomputing networks, for 
K- 1 2 instruction.^^ Six more states had a partially 
operational network, and nine more had one in the 
proposed or planning stages (see figure 3-6). 

Some of these networks use a design whereby 
teachers dial into local computers, which in turn 
process and store messages. These local comput- 
ers are placed to maximize the number of teachers 
who can reach them through local rather than 
long-distance telephone calls. Most state net- 



works aim to provide services at little or no charge 
to teachers. For teachers who are not local — a sig- 
nificant proportion — "800" numbers are often 
provided at substantial expense to the state. 

State networks vary considerably in their 
scope, purpose, sophistication, and support ser- 
vices. Among the most ambitious are Virginia's 
PEN (see chapter 5), which aims "to guarantee ac- 
cess to the Internet to every public school educator 
at no charge,"^^ and TENET (see box 3-4). 

Many states have established networks with 
gateways to other networks. For example, Flori- 
da's Information Resources Network (FIRN) pro- 
vides free electronic (e-mail) to all educators and a 
menu that offers access to many Internet-based 
services. FIRN also supports distance-learning 
services, an automated card catalog, a technical 
assistance system, staff development teleconfer- 
ences, and satellite-delivered training for teach- 
ers.6^ 

Other states have established less ambitious 
networks, offering such services as e-mail lists, 
news groups, and computer conferencing. Indi- 
ana, for example, supports both a statewide fiber- 
optic network for education called Intelnet, and a 
bulletin board called IDEAnet for educator com- 
munications, conferencing, and database access. 
Montana administers the Montana Educational 
Telecommunications Network (METNET), con- 
necting individual schools with Distance Learn- 
ing Centers, Regional Training Centers, and 
Compressed Video Sites. Oklahoma encourages 
schools to link up to SpecialNet, a network de- 
signed to facilitate special education. New Jersey 
Link (NJLink) served over 4,000 teachers in 1 993, 



Chris Dedc. "The Technologies Driving Uie National Information Infrastructure: Policy Implications for Distance Education." paper 
commissioned by the Southwest Regional Laboratory in connection with the U.S. Department of Education's Evaluation of Star Schools. Octo- 
ber 1994. p. II. 

*2 Educorp Consultants Corporation, Networks Now: The 1993 Suney of How State's Use Telecommunication Net^vorks in Education (Roa- 
noke, VA: Educorp. 1993). 

Glen L. Bull et al.. "Considerations Underlying the Architecture of a State Public School Telecomputing Network." Consortium for 
Eduvationul Telecomputing: Conference Proceedings. Robert 1-. Tinker and Peggy M. Kapisovsky (eds.) (Cambridge. MA: TERC. Apr 18-19. 
1991). pp. 121-134. 

'"^ Anderson, op. cit.. footnote 19. 
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• FJGURE 3-6: Status of State Support for K-12. Instructional Telecomputing Networks, 1993 
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SOURCE. Educorp Consultants Corp , Networks Now The 1 993 Survey of How Siates Use Telecommunication Networks in Education (Roanoke, 
VA 1993). 



offering fiee information resources, communica- 
tion with other educators, and other network 
services. 

Other Networks 

Other networks in which educators participate 
have been organized by school districts, commu- 
nities, and the private sector. School districts use 
networks to foster districtwide educational goals 
and to link with local and out-of-town electronic 
network resources. While district networks often 
include only such services as exchanging e-mail 
within the district, posting messages on bulletin 



boards, and reaching the Internet with e-mail, 
some are more ambitious. The Boulder Valley In- 
ternet Project, for example, is a collaboration of 
the local university and the school district that 
aims to link as many schools as possible with 
high-speed connections and to encourage teachers 
to use these resources. Similar efforts are under 
way in other districts.^^ 

Community-based electronic networks link 
many of the functions of community life with one 
another. In these electronic communities, anyone 
in the geographic area served can participate. As 
of January 3, 1995, there were 1 30 of these local 



Reports about otiicr district pro jects can be found in Kenneth M. King and John Clement, UDUCOM, 'Toward a National Network Infra- 
structure for K-12 Education: f-inal Report on a 1-act-I-indinj; Mission." unpublished nianusciipt, 1990. 
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BOX 3-4: The Texas Education Network (TENET) 



With 40,000 participants and a 1993 average of 100,00 log-ons per month, the Texas Education Network 
(TENET) is among the largest and most successful state efforts to open the world of telecommunications 
technology to teachers. Established in 1989, TENET aims to provide connectivity to all educators and stu- 
dents in the state via a local or 800-number telephone call. The University of Texas in Austin operates TE- 
NET via the THEnet (Texas Higher Education Network) backbone and houses its central resources and 
operations staff. 

Teachers in grades K-12 pay $5 per year for an account; university faculty and teacher education stu- 
dents pay $25. Participants receive such services as e-mail, news groups, conferencing, file transfer, cur- 
riculum guides, Internet gateway, and access to national, state, and local user groups. 

Several aspects of TENET support preservice education and professional development for teachers. 
Through special interest groups, teachers can share information and discuss educational issues. TENET 
also has online training and maintains Information files on a range of topics pertinent to teachers. 

Among the most notable features of TENET is its major teacher training component. The network main- 
tains 80 master trainers from all regions of the state. Master trainers provide support to school technology 
coordinators. Regional Education Service Center (RESC) support staff, and others. They also communicate 
regularly on a TENET special interest group and provide workshops and other training sessions for teach- 
ers. Among the training issues addressed are how to join electronic teacher groups for professional devel- 
opment, how to locate and download instructional materials, and how to use telecommunications to involve 
students in global projects or collaborative writing. 

The state has steadily increased its financial commitment to TENET since its creation, and in Pt' 1994 
invested about $2.5 million in the network's operation. In FY 1995, the state w;ll spend $4.5 million on the 
network. As TENET becomes more popular, Texas is grappling with how to meet demands for additional 
phone lines and storage space at reasonable cost. 

SOURCES. J.R. Mergendoller et al., "Case Studies. Exemplary Approaches to Training Teachers To Use Technology." Office of 
Technology Assessment contractor repjort. September 1994; Educorp Consultants Corp.. Networks Now The 1993 Networks in 
Education (Roanoke, VA- Educorp. 1993); Connie Stout. Director, TENET personal communication. November 1 994; Geoffrey Fletch- 
er. Interim Executive Deputy Commissioner for Curriculum. Assessment, and Professional Development. Texas State Department of 
Education, personal communication. January 1995. 



FreeNets in 42 states, according to an online sur- 
vey.^^ These networks offer bulletin boards for 
students sharing work, expedite inquiries to local 
public agencies, facilitate information sharing and 
research, provide local databases, and so forth. 
With over 35,000 registered users and over 1 0,000 
log-ins per day, the Cleveland FreeNet, operating 
out of Case Western Reserve University, is prob- 
ably the largest community network in the world 



and a model for community-based networks.^^ 
The network provides users with everything from 
e-mail services, to information about health care, 
education, technology, recreation, law, auto me- 
chanics, or just about anything else the host op- 
erators would like to place on the machine. 
Anyone in the community with access to a home, 
office, or school computer can connect to the sys- 



^' Elizabeth Rcid, National Public Telecomputing Network (NPTN) survey, Jan. 3, \99!). 

" Doug Schulcr. "Community Network.s: Building a New Participatory Medium," Communicaiions of the ACM. vol. 37, No. I , January 
1 994, pp. 40-48; and Sister Dolores Stanko, National Public Telecomimlmg Netwnrkaml Community Computing, distributed over c-mail by the 
Cleveland FreeNet, on Dec. 12, mi. 
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tem, 24 hours a day, and use these services. All of 
it is free and all of it can easily be accomplished by 
a first-time user. 

Not surprisingly, community-based networks 
face the challenge of developing viable models of 
low-cost network services that are accessible to all 
community members. Some keep costs low by of- 
fering users access to larger networks for the cost 
of a local telephone call. 

Use of Telecommunication Networks 

Reasonably current national survey data provide 
some information concerning the school use of 
telecommunications hardware and software for 
information gathering, electronic mail, and col- 
laborative instructional work. In the 1992 IE A 
survey, data collected at the school level indicated 
that in 10 to 15 percent of schools at least one 
teacher used electronic mail/information net- 
works (e.g., Compuserve); usage was higher at the 
high school level than in elementary schools. 
Approximately the same percentage of high 
schools reported using online databases such as 
Dialog. lEA also asked separately about two 
instructional programs involving telecomput- 
ing — AT&T Learning Circles and the National 
Geographic 's Kids Network. According to the 
survey, AT&T Learning Circles had been tried in 
about 4 percent of schools nationwide at all levels, 
and the K-8-oriented Kids Network garnered par- 
ticipation in 6 percent of elementary schools and 3 
percent of middle schools. Altogether about 20 
percent of schools reported using one or more tele- 
communications service. However, no informa- 
tion was available about the number of teachers 
using the service at any given site. 

A year later, the 1993 NEA Communications 
Survey inquired of its sample how many teachers 
had ever participated in a "learning network at 
school, such as the AT&T Learning Network or 
the National Geographic Society's Kids' Net- 
work" (6 percent had); whether the respondents 



were currently engaged with their students "in an 
on-line collaborative teaching or distance learning 
[activity]" (4 percent were), and whether they 
"had access to" public electronic mail and in- 
formation utilities such as Prodigy (19 percent), 
Compuserve ( 1 4 percent), America Online (7 per- 
cent), and Dialog (9 percent). In addition, 4 per- 
cent said they had access to the Internet through 
their school. Altogether, nearly 25 percent of the 
NEA sample of responding teachers reported hav- 
ing access to at least one of these telecommunica- 
tions services. While the NEA sample is not 
representative of the U.S. teaching population,^^ 
if the same percentage were applied to all U.S. 
schools, it would mean that as many as 600,000 
teachers nationwide were involved in telecom- 
puting. 

The extent of telecomputing activity among 
teachers is not well understood — especially now 
as potential opportunities for participation are 
mushrooming. Furthermore, although the number 
of telecomputing teachers is growing rapidly, 
these data indicate that the great majority of U.S. 
teachers still do not have access to telecommu- 
nications services. 

Telecommunications Software^^ 

In addition to access to hardware, teachers' partic- 
ipation in electronic communities is often deter- 
mined by the ease of use and functionality of 
available telecommunications software. Accord- 
ing to TERC, to meet the needs of teachers, tele- 
communications software should have the 
following features: a user-friendly ("point-and- 
click") interface (see figure 3-7); network con- 
nectivity among multiple computer systems 
(MS-DOS, Macintosh, etc.); multiple options for 
connectivity, including the Internet; the capacity 
to send formatted nontext enclosures, such as 
graphics, spreadsheets, and data video images; the 
ability to enable the same message or formatted 
data to be sent to multiple parties who use diverse 



The NHA survc) excludes teachers from most large city districts and others that are not NEA members (see ap|x;ndix B). 
Miich of this section is taken from TERC. op. cit.. footnote 53. 



118 1 Teachers and Technology: Making the Connection 



FIGURE 3-7: America Online'sLabNet Main- Screen 



COMMUNITY 
FORUM— is where 
interdisciplinary 
science and general 
teaching discussions 
occur. 



SCIENCE library- 
Is where experiments 
and articles are posted, 
as well as any other 
files that LabNet 
teachers think others 
will find of interest. 
Files are described by 
keyword and short 
abstracts, and can be 
downloaded to the 
member's computer. 



SPECIAL INTEREST 
AREAS— there are 
subject areas for each 
science discipline and 
a middle/elementary 
school area. 




LabNet Online 



.LabNet : Toward a Community o^Practice 




K/tiJ Interest Areas 



Projects and Contests 
Blology/Li fe Sciences 
Chera I stry 

Geology/Earth Science 
Physics 

m dd I e/E I ementary 



Hojt: BSpitzer Keyword: Labnet 
Non-tnter«ct1v« material copgright TERC 




NETWORKTIPS&HELP— 
here are files that should 
answer most users' questions. 



STUDENT FORUM— 
is where students post 
questions related to 
projects on which they 
are working. LabNet 
teachers are encouraged 
to read the Student Forum 
and post replies If they 
can help, and to 
encourage their students 
to use it as a resource. 



TEACHERS' LOUNGE— 
directory of LabNet 
members, member 
profiles, and a conference 
center where teachers 
can "chat." 

WORKSHOPS, 
GRANTS, ETC.— details 
of workshops and 
conferences are listed 
and explained here. 

\ ABOUT LabNet— 
contains general files that 
describe the project and a 
copy of the membership 
application for those 
interested in participating. 



SOURCE TEnC. 'Review of Research on Teachers and Telecommunications." contractor report prepared for the Office of Technology Assessment. 
1994 



software and hardware configurations; the ability 
to download and manipulate files at user comput- 
ers without re-formatting; and be capable of being 
easily updated. 

Tliere are a growing number of Internet-based 
telecommunications software tools for informa- 
tion searching and retrieval. NCSA Mosaic and 
other similar tools arc among the most powerful 
because they provide a user-friendly means of 
connecting with World Wide Web and Gopher re- 
sources on the Internet. The Web includes online 
documents that consist of text, images, sounds, 
video, and animation on a range of topics, such as 
Gaelic texts, art exhibits, movie clips, and elec- 
tronic magazines. Documents can include foot- 
note like links to other files, so that by pointing 



and clicking, the user can move from one docu- 
ment to retrieve relevant information from other 
documents located elsewhere on the Internet. In 
addition, the telecommunications functions in the 
Mosaic interface are automated so as to be nearly 
invisible to the user. However, Mosaic is useable 
only through a direct, relatively high-speed con- 
nection, and this type of connection is still rare in 
school settings. 

Telecommunications, with the access it can 
provide to resources beyond the classroom walls, 
has considerable educational potential. Yet the ev- 
idence reviewed here indicates that most schools 
are not equipped to participate in these oppor- 
tunities. 
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STATE POLICIES ON ACCESS AND USE 

State policies can be an important influence on 
teacher use of technology. A telephone survey and 
review of state literature done under contract to 
OTA indicates that states have taken diverse ap- 
proaches to addressing the challenge of education- 
al technologyJ^This section summarizes some of 
these data. (See, also, chapter 4 for discussion of 
state technology policies related to inservice 
teacher training and chapter 5 for state policies on 
teacher certification and technology.) 

I State Staffing for Technology 

One way that states can influence local technology 
use is through state staffing and support for educa- 
tional technology. Staffing policies vary consider- 
ably across states. In one state, the educational 
technology coordinator is an associate commis- 
sioner; in others, a part-time consultant. Some 
coordinators are located within a media division, 
others in an instructional technology unit, and 
some in a telecommunications office. Some state 
educational technology units have budgets in the 
many hundreds of million dollars; other states 
fund little more than a single staff person. 

I Technology Integration 

All but seven states reported that they require or 
recommend integrating computers or information 
technology into the curriculum (see table 3-2). 
About 25 percent of the states actually mandate 
the integration of computer technology across the 
curriculum. For instance, the Iowa Legislature in 
1993 established an Educational Technology 
Consortium charged with developing technology 
plans for the state that ensure "equity of access" 
and assist schools with the integration of hardware 
and software into their curricula. However, the 
way technology is to be integrated is less clear. In 
fact, some states continue to equate technology 



policy with mandating courses about comput- 
ers rather than assisting teachers to learn to 
teach with a range of technologies. 

I Computer Courses for Students 

Twelve states require that public schools offer 
computer-related courses such as keyboarding or 
computer literacy, while an additional 20 states 
recommend to districts that such courses be of- 
fered. For example, since 1984 Arkansas has re- 
quired high school students to take a one unit 
course in "computer science;" a new plan to be im- 
plemented in 1996 requires Arkansas schools to 
offer more advanced, elective computer science 
courses as well. Washington State law requires 
that each school district provide an opportunity 
for high school students to take at least one course 
in "computer education," or allow students to take 
it in another district. 

I Student Computer Competency 

Today 19 states mandate computer competency 
requirements for graduating seniors. Additional- 
ly, as states define and set new achievement stan- 
dards consistent with the Goals 2000: Educate 
America Act (see chapter 6), many are attempting 
to address skills students will need to work with 
technologies. Maine law stipulates that schools 
make instruction in the use and application of 
computer skills available to secondary students 
and requires each student "to demonstrate profi- 
ciency in the use of computers that include load- 
ing, operating, and applying fundamental skills. 
This may include word processing, keyboarding, 
developing a data base, accessing data, and using 
software."^' Maine recommends that technology 
be built into the curricula in grades 7 or 8, but 
leaves it up to the districts to establish their own 
plans and procedures. Utah requires that every 
high school student be computer literate before 
graduating, which students may demonstrate by 



™ Anderson, op. cit., foouiolc 19. 

^' Dennis Kunccs. Planning Guide for High SchonI Diploma Computer I'roficirncy Rcquinmcm (Augusta. ME: Maine Department of 
Educational and Cultural Services. 19X9). 
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TABLE 3-2: State Education Technology Policies, SeptemtDer 1994^ 
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✓ 
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✓ 
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✓ 






/ 




9.9 


Kentucky 


/ 
✓ 










12.0 


Louisiana 


✓ 




V 






19.5 


Maine 


/ 
✓ 




/ 


/ 




14.4 


Maryland 


/ 
✓ 




/ 






13.8 


Massacnuseus 
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■ TABLE 3-2 (cont'd.): State Education Technology Pdlicies, September 1 994^ 



State name 



Promotes 
technology 
integration in 
curriculum 
(1) 



Requires 
computer 
course for 
students 
(2) 



Mandates 
computer 
competency 
for students 
(3) 



Requires 
computer 

training for 
teacher 

certification 
(4) 



Requires 
inservice 
teciinology 
training 
(5) 



Students 

per 
computer 

(6) 



South Carolina 


/ 








13.7 


South Dakota 


/ 


/ 


/ 




10.4 


Tennessee 


/ 


/ 




✓ 


18.4 


Texas 


/ 


/ 


/ 




12.1 


Utah 


✓ 


/ 


/ 




13.3 


Vermont 


✓ 








19.9 


Virginia 


✓ 




/ 




13.0 


Washington 


/ 


/ 




/ 


10.9 


West Virginia 


/ 


/ 




/ 


11.2 


Wisconsin 


/ 






✓ 


11.4 


Wyoming 










8.1 



3 An ■/■ in the column means a state has that policy A blank cell means that the policy does not exist. 
The definitions of the column check lists are as follows: 

(1) State requires (or recommends) that public schools integrate computers or information technology in the curriculum. 

(2) State requires that public schools offer computer-related courses such as keyboarding or computer literacy 

(3) State has a mandate for computer competency or performance standards for students related to information technology 

(4) Teacher certification in the state includes a requirement for training in computers or technology (see chapter 5). 

(5) State has a requirement for inservice computer or technology training (see chapter 4). 

(6) Ivticrodensity is defined as students per computer. (Data from QED. 1994 report on Technology in Public Schools. QED. Denver. Colorado.) 
SOURCE. R E. Anderson. 'State Technology Activities Related to Teachers." OTA contractor report. Nov 15. 1994. 



taking a computer literacy course or passing a test 
of technology-related skills and knowledge. ''^ 

Many states, like Vermont, do not mandate 
technology competency, but recommend that dis- 
tricts make computer competency a graduation re- 
quirement. North Carolina recently has designed 
an innovative, detailed competency-based curric- 
ulum in technology including considerable em- 
phasis upon "information skills." Beginning in 
1995, students will have to pass a performance- 
based competency test. 

The state survey suggests that the amount of 
educational technology hardware in a state is not 
correlated with the state's tendency to establish re- 



quirements in either student technology com- 
petency or in teacher technology training. 
Therefore, OTA finds that the relative amount 
of computer technology available in a state 
should be used with great caution as an indica- 
tor of that state's commitment to technology in 
instruction (see table 3-2). 

CONCLUSION: ISSUES WITH POLICY 
AND RESEARCH IMPLICATIONS 

The data examined in this chapter suggest several 
themes, issues, and questions that have implica- 
tions for future policy decisions and research 



^2 Utah State Board of liduciilion. ■'l^loiiH-ntary and Secondary Core Curriculum Standards." Instructional Technology, Utah State Board of 
l-jJucation. Salt Lake City. l)T. n.d. 
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Classrooms such as this one, with five computer worl<stations 
as well as a television monitor, offer teachers flexibility in 
teaching with technology. Many states are seeking funding 
to provide this level of technology access in all classrooms. 



agendas. This section discusses the importance of 
developing a new definition of access to technolo- 
gy, the importance of two-way communication, 
additional research needed for policymaking, and 
strategies for better understanding effective 
instructional practices. 

I A New Definition of Access 

One overarching theme emerging from the data 
presented throughout this chapter is the need to 
begin thinking differently and more critically 
about what constitutes "access" to technology by 
teachers and students. Conventional data on infra- 
structure — numbers of computers in a school, stu- 
dent-computer ratios, and school ownership of 
various kinds of video and telecommunications 
equipment — are insufficient measures of mean- 
ingful access to technologies. What is called for 
is a new way of defining access that examines 
the kinds of infrastructure, organizational ar- 
rangements, and other supports teachers need 
to use technology effectively in the classroom. 

Under such a definition, a first step might be to 
look at the availability of hardware and softwtU"c, 
but in a more discerning way than just counting 
computers. Key factors include the age and power 
of hardware and the kinds of peripherals and soft- 
ware the equipment can support. Also crucial arc 
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the presence of connectivity hardware, software, 
and services. As the earlier discussion suggests, it 
is now possible to use the same technology in sev- 
eral different ways, depending on what the pur- 
pose of the user is, which kinds of software and 
peripherals are available, and how multiple 
technologies are combined or connected. It is also 
important not to overlook older technologies, 
such as the telephone (see box 3-5). 

A second step might be to examine whether ex- 
isting technologies are arranged and organized in 
a way that is conducive to frequent and effective 
use by teachers and students. Are different kinds 
of technologies located in a central place or in in- 
dividual classrooms? Can existing equipment b' 
made more mobile? Is there a LAN, and could it be 
used for more purposes than at present? Are cer- 
tain kinds of technologies "reserved" for certain 
kinds of teachers and students, such as advanced- 
level science students or business education stu- 
dents? Is the hardware situated so that it can be 
used effectively for different kinds of instruction, 
such as group projects, buddy learning, or individ- 
ual study or research? 

A third step might be to examine the kinds of 
support that teachers need to use the infrastructure 
effectively: to integrate technology into their ev- 
eryday teaching, to use technologies for two-way 
communication, and to use technologies to en- 
courage the best instructional practices. These 
supports, discussed in more detail in subsequent 
chapters, might include exposure to innovative 
uses, high-quality professional development, and 
ongoing technical support and expert advice. 

I The Importance of Two- Way 
Communication 

The potential of new technologies to facilitate 
two-way communication has changed dramatical- 
ly in recent years and holds great promise for 
changing teaching, learning, and professional de- 
velopment. Telecommunications and networking 
technologies, in particular, create incomparable 
opportunities for teachers and students. And new 
hardware, such as videodisc or CD-ROM players, 
makes it possible to combine the excitement of 
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BOX 3-5: Planning for School Technology Use: Two State'Examples and Cost Estimates . 



Technologies are used by schools for many reasons and to accomplish different goals. Technologies for 
teaching and learning vary in key characteristics: how richly they convey information, how suitable they are 
for whole classroom versus individual student use, how many pieces of equipment are required for simulta- 
neous use by an entire class, how portable they are, how interactive and adaptable they are to individual 
student or teacher needs, and how flexibly they can be used by teachers in a school setting. These char- 
acteristics affect which technologies schools acquire and how they use them. 

To some extent, therefore, the amount and type of hardware and software a given site "needs" depends 
on the educational goals it expects to meet using technology. As a part of this planning process, some 
states and districts are trying to designate some basic levels of technology to which each building and 
classroom should have access and to estimate the costs of such an infrastructure. 

For example, Kentucky's Master Plan for Education Technology calls for a communication system for 
voice, video, and data that will interconnect all computer workstations in the classroom, school, district, 
office, public library, and Kentucky Department of Education with other statewide and national education 
networks.'' Goals for instructional technology include a telephone in every classroom, a portable teacher 
workstation for each of the 36,000 teachers in the state, and a computer workstation for every six students. 
About 100,000 additional workstations will be needed to meet the student workstation goal. Taking into 
account existing infrastructure that meets the standards of the Master Plan, the state estimates that $560 
million will be needed to implement the plan over a period of six years. ^ 

Implementation of the Kentucky plan began in 1992. The one-time costs of hardware and software will 
be shared equally between the state and local districts. The ongoing maintenance and operations costs at 
the state and district levels will be funded by the state, while local school districts will bear the mainte- 
nance costs of the system's school, classroom, and family/school connection levels. 

A recent initial planning document from the New York State Department of Education outlines the poten- 
tial costs of implementing a vision of an even more advanced technological infrastructure for K-1 2 schools 
in that state. This plan outlines the costs of putting a basic amount of new technology in every public 
school building throughout the state and networking them.^ A three-stage deployment is envisioned. The 
first stage would put five workstations with multimedia and network links in the library-media center of each 
of the states 4,016 public schools. The second stage would put one workstation in each of an estimated 
187,000 classrooms and network them to a wide area network and the Internet via a broadband T-1 
connection (1 .5 mega bytes)." The third, full-blown model adds four more workstations in each classroom. 
The table displays the technologies and costs for this three-stage deployment, as well as the estimated 



' Kentucky Department of Education. 'Master Planter Education Technology." Council for Education Technology Apr. 30. 1992. 
^ Revisions to Master Plan tor Education Technology adopted by Kentucky State Board (or Elementary and Secondary Education. 
November 1993. 

Existing hardware, sottvirare. and networking in schools were ignored m this cost model In addition, this model reflects an esti- 
mate of the total life-cycle costs, exclusive of consumable materials (e g . printef loner and paper) and furniture for a five-year period. 
The life-cycle cost analysis takes into account not only hardware and software, but also maintenance, technical support, training, 
networking, and other "hidden" costs This model particularly emphasizes the staff development and technical support components 
of successful technology implementations Basic list prices are considered in the cost model, since the model's author considered it 
impossibleto estimate any discounts that would be applied on such a large-scale purchase M. Radllck. "A Cost Model. Implementing 
Technology in New York State Public Schools- A Paper for Discussion." New York State Education Department, Albany NY. Novem- 
ber 1994 

Building wiring would bo tibt;roptiC cable to all classrooms, and copper from there to the desktops Every workstation should be 
nctvirorkod to the internal LAN resources and out to the wide area netvirork. including the Internet Networking and network resource 
must be able to support high-bandwidth applications, including multimedia and interactive video from other sites Included m the 
multimedia capability is videoconferencing at the workstation level Radiick, ib'd 

(continued) 
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BOX 3-5 (cont'd.): Planning for School Technology Use: Two State Examples and Cost Estimates 



Proposed Five-Year Cost Model for Implementing Technology in New York State Public Schools 

Additional 
cost for the 4 
remaining 

Network years in 

Infrastructure First-year hardware 
(per building) cost lifecycle'= Total cost 



Stage of model Technologies 



Stage 1 

Put in the 
library-media 
center of each 
public school 
building 
(total = 4,016) 



Stage 2 

Put into each 
classroom 
(total = 
187,000) 



Stage 3 

Add into each 
classroom. 



Total costs 



5 worksta- 
tions with 
software, 3 
LAN, and In- 
ternet con- 
nections 
1 laser 
printer 
1 CD-ROM 
tower 

1 color LCD 
projector unit 

1 workstation 
with soft- 
ware, LAN, 
and Internet 
connections 
1 laser 
printer 
1 1 color LCD 
panel 

1 4 worksta- 
tions with 
software, 
LAN, and In- 
ternet con- 
nections 



56 kb link to 
Internet 
1 router 
1 server 
initial cost of 
network con- 
nection to 
library/media 
center" 



T-1 network 
link 

initial costs 
of network 
connections 
to class- 
rooms 



$371 ,593,000 
includes about 
$73 million for 
training and 
support per- 
sonnel 



$436,991 ,200 
includes about 
$233 million for 
training and 
support per- 
sonnel 



$ 808,584,200 



$3,627,350,000 
includes about 
$769 million for 
training and 
support per- 
sonnel 



$2,992,000,000 



$2,616,200,000 
includes about 
$1 .7 billion for 
training and 
support per- 
sonnel 



$1,047,200,000 
no additional 
training and 
support 



$6,243,550,000 



$4,039,200,000 



$6,990,943,000 $4,100,391,200 $11,091,334,200 



2 Total cost of each workstaton estimated at $3,500 Wor^Uation includes a 486 (DX2) or Pentium or Macintosh Power PC 7100 with 
CD-ROM and color monitor. BasiC operating system (Windows or System 7) assumed to be bundled. Cost = $3,000. Additional ap- 
plication software cost ^ $500 

^ The cost of network connections is assumed to average $7,500 per classroom The initial network connection to the librar\'/media 
center is assumed to average $1 5.000 

Includes hardware and software maintenance (10 percent), training, support, and cost of service across T-1 and 56-kb links 
SOURCE M Radlick. "ACost Model Implementing Technology m New York Stale Public Schools— A Paper for Discussion." New York 
State Education Department. Albany NY November 1994 
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BOX 3-5 (cont'd.): Planning for School Technology Use; Two State Examples and Cost Estimates 



costs for operating, maintaining, upgrading, training, and support over a five-year life cycle. The estimated 
total cost comes to just over $1 1 billion over five years.^ 

The New York state annual education budget for 1992-93 was slightly more than $21 billion. In 1992-93, 
New York schools spent an average of 2.2 percent of their total education budgets on technology, which 
includes hardware, software, network technical staff, instructional staff, and supplies and material. The total 
amount spent across the state that year was about $360 million.^ Thus, fully implementing this cost model, 
even across a 10-year period, would require a substantial increase in the percentage of the education 
budget invested in technology 



5 About 37 percent of the total is for instructional hardware and software; 1 7 percent for building the network infrastructure; 21 
percent for ongoing costs such as maintenance, upgrades, and line charges; 9 percent for training; and 1 6 percent for staff support 
personnel. 

6 Michael Radlick. "Technology Expenditures in New York State Schools." unpublished draft. New York State Education Depart- 
ment. Dec. 7, 1994. 

SOURCE: Office of Technology Assessment, 1995. based on Kentucky Department of Education, op. cit., footnotes 1 and 2. and 
Radlick. op cit.. footnotes 3 and 6. 



video with the information transmission power of 
the computer and the communication capabilities 
of high-speed telephone. 

Given these trends, connectivity is likely to 
become the major technology issue of the next 
several years. Although few up-to-date data are 
available, it appears that a very small percentage 
of teachers have access to the kinds of telecommu- 
nications and networking technologies needed, 
for example, to participate in a global science 
project, or contact distant colleagues for advice on 
attention-deficit disorder. 

Policymakers might respond by developing 
new kinds of guiding principles for access to and 
use of telecommunications. This is already occur- 
ring in discussions at the federal, state, and local 
level about educator access to a "National In- 
formation Infrastructure." Other issues to be 
addressed include the issues of copyright, confi- 
dentiality, funding and subsidies, and limiting stu- 
dent access to some forms of information (see 
chapter 1 ). 

Framing policies in these areas will not be an 
easy task, since the field of educational telecom- 
munications is still so young and fluid. New uses 
for telecommunications are emerging all the time. 



and it is not yet clear what classroom applications 
are possible or most effective. 

I Additional Research Needed for 
Policymaiting 

Help in framing policy could come from more ex- 
tensive research. Available data are weak regard- 
ing the very newest technologies available to 
teachers — new forms of analog video and digital 
multimedia technologies like videodisc and CD- 
ROMs and new opportunities for telecommunica- 
tions via computers. There are few data on how 
much or in what ways teachers are taking advan- 
tage of existing network access. In what ways are 
student-learning routines affected by the avail- 
ability of telecommunications access to the out- 
side world? How is a teacher's professional life 
affected by these resources? Future studies of 
educational technology should focus on the 
uses of those new media — not simply their 
presence, but how they affect the learning of 
students and the jobs of teachers. 

Having access to technologies does not ensure 
that they will be used well. As noted in this chap- 
ter, more comprehensive use could be made of 
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the current technology inventory in schools. 

Evidence for restriction in current usage can be 
found in the persistence of drili-and-practice, 
games, keyboarding instruction, "computer 
classes," and certain kinds of video viewing. It is 
hard to draw clear conclusions about how existing 
resources could be used more comprehensively, 
however, because teacher use is an area where data 
on educational technologies are weakest. Surveys 
to date have collected only minimal data directly 
from teachers about their own access to and use of 
technology. Knowing that technology resources 
are in a school is insufficient to understand wheth- 
er and how teachers are using them. Observations 
of and interviews with teachers could help to pro- 
vide the kinds of contextual information that 
would illuminate many of the questions surround- 
ing the gap between access and use. 

New research might examine several issues re- 
garding teacher use. How and why do teachers use 
technology in instruction across the various cur- 
ricular areas? How do teachers integrate video- 
taped presentations, for example, in different 
subject matter? How are teachers using camcord- 
ers, telephones, or telecommunications links? 
Which resources are effective for which educa- 
tional goals? To what extent do teachers use 
technology for other parts of their job, such as car- 
rying out administrative tasks, participating in 
p-'ofessional development, communicating with 
the world outside school, or involving parents in 
the schooling process? 

Furthermore, the discrepancies between teach- 
er and student reports about how many minutes 
students use computers, and between teachers and 
district- level educators about how many teachers 
are "computer-using" teachers, suggest the need 
for deeper analysis of what constitutes technology 
"use." How long or how intensive must an interac- 
tion with various technologies be to constitute a 
meaningful learning experience for students? 
How many learners can use various technologies 
at the same time in a beneficial way? Is tracking 
occurring in how students are permitted to use var- 
ious technologies? What constitutes teacher 
"use"? 
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I Effective Instructional Practices 

CuiTcntly the most common uses of technologies 
in schools reflect educational philosophies of 
instruction that view students as recipients of in- 
formation dispensed by the teacher (or by the 
technology) and the acquisition of specific skills 
and knowledge. However, many technology ex- 
perts feel that the real potential of technology 
lies in its capacity to support pedagogical ap- 
proaches that encourage students to become 
active participants in their own learning and to 
acquire critical thinking skills and more com- 
plex understandings. 

The potential for more than an electronic black- 
board is one of the most compelling reasons for 
pursuing educational technology (see chapter 2). 
Right now, however, a gulf exists between the 
ambitions of technology experts and software de- 
velopers and the practice of teachers in class- 
rooms. Helping teachers use technology to 
facilitate different educational philosophies and 
teaching practices will require substantial change 
in curriculum, instructional methods, and teacher 
understanding. 

In addition, further study is needed about the 
quality and relative effectiveness of various 
instructional uses of technologies and their ap- 
plications. How effective are instructional com- 
puter games in helping students acquire specific 
skills and knowledge? What is the effectiveness of 
various kinds of video viewing experiences? How 
effective is browsing of digital libraries as a re- 
search tool? What elements make for a quality 
multimedia program? What is the most effective 
use of distance-learning technologies? For exam- 
ple, distance learning can vary greatly in quality 
and instructional philosophy, from teacher lec- 
tures transmitted by satellite, to more interactive 
learning sessions where students can conduct ex- 
periments with the distant teacher looking on or 
exchange observations and data in real time. 

Finally, OTA finds that access to any tech- 
nology in a sch'ool is just a starting point. The 
next chapter will explore the barriers teachers face 
as they try to use technology, as well as some im- 
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plementation models and lessons from places ac- 
tively attempting to overcome these barriers. As 
the next chapter suggests, to use technologies ef- 
fectively, teachers and administrators must have a 
vision of how they can best be deployed; they need 



the appropriate hardware, software, and training 
to pursue these goals and applications, and contin- 
uing support to overcome the obstacles presented 
in adopting technology for instruction or teacher 
support. 



Helping 
Teachers Learn 
About and Use 
Technology 
Resources 



4 



SUMMARY OF KEY FINDINGS 

■ Most teachers have not had suitable training to prepare them 
to use technology in their teaching. A majority of teachers re- 
port feeling inadequately trained to use technology resources, 
particularly computer-based technologies. Although many 
teachers see the value of students learning about computers and 
other technologies, some are not aware of the resources 
technology can offer them as professionals in carrying out the 
many aspects of their job. 

■ In a majority of schools, there is no onsite support person offi- 
cially assigned to coordinate or facilitate the use of technolo- 
gies. Even in schools where a technology coordinator exists, 
most of the time is spent supervising students, or selecting and 
maintaining software and equipment. Very little time goes di- 
rectly to training or helping teachers use technologies. 

■ To use technology effectively, teachers need more than just 
training about how to work the machines and technical sup- 
port. To achieve sustained use of technology, teachers need 
hands-on learning, time to experiment, easy access to equip- 
ment, and ready access to support personnel who can help them 
understand how to use technology well in their teaching prac- 
tice and curriculum. 

■ Schools and school districts are using a number of different ap- 
proaches for training teachers and implementing technology. 
These include developing "technology-rich" model schools; 
training a cadre of teachers who train and help their colleagues; 
providing expert resource people; giving every teacher a com- 
puter; training administrators alongside teachers; and estab- 
lishing teacher resource centers. Data do not confinn that any 
one strategy is more effective than another; often they work in 
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combination. Districts may be well advised to 
uce multiple training and support strategies tai- 
lored to the educational goals of the local site. 

■ Lessons from experienced implementation 
sites suggest that those who wish to invest in 
technology should plan to invest substantially 
in human resources. Currently most funds for 
technology are spent on hardware and software. 
Increasingly experienced technology-using 
sites advocate larger allocations for training 
and support. 

■ Support for technology use from the principal 
and other administrators, from parents and the 
community, and from colleagues can create a 
climate that encourages innovation and sus- 
tained use. 

■ Schools should avoid acquiring technology for 
technology's sake. Developing a technology 
plan — thinking through the goals for technolo- 
gy use at the local site and involving teachers 
in the planning process — is an important step 
in ensuring that the technology will be used by 
those it is intended to support. Many districts 
have found that it works best to start with small 
focused efforts, which can engender lessons, 
success, and experience before committing to 
more large-scale programs. 

■ Although sites have made significant progress 
in helping teachers learn to use generic technol- 
ogy tools such as word processing, databases, 
and desktop publishing, many still struggle 
with how to integrate technology into the cur- 
riculum. Curriculum integration is central if 
technology is to become a truly effective educa- 
tional resource, yet true integration is a diffi- 
cult, time-consuming, and resource-intensive 
endeavor. Research funding is needed to help 
explore and develop technology tools best 
suited for specific curriculum areas, especially 
disciplines other than science and math. 



INTRODUCTION 

As discussed in chapter 3, most schools and teach- 
ers today have at least some access to multiple 
kinds of video and computer-based technologies.' 
Yet much of this technology is not being used to its 
potential and most classroom environments are 
still not significantly influenced by technologies. 

In contrast to chapter 2, which provided exam- 
ples of promising uses to which teachers are put- 
ting new technologies, the first part of this chapter 
examines why teachers do not use technologies 
more and factors that affect how technology 
comes to be used in schools. This section draws on 
published surveys of technology use among 
teachers, the research literature on technology use, 
site visits made by Office of Technology Assess- 
ment staff to schools and districts throughout the 
country, a contracted series of interviews with and 
observations of teachers,^ and conversations with 
hundreds of teachers and administrators at confer- 
ences and meetings and over electronic mail. 

The chapter then describes some approaches 
schools have used to overcome barriers and imple- 
ment educational technology more widely. Final- 
ly, drawing on places where technology has been a 
priority, the chapter suggests lessons learned 
about fostering technology implementation. In 
addition to the sources listed above, these sections 
draw on the research literature on educational and 
technological innovation, studies and evaluation 
reports from technology implementation projects, 
and a series of case studies contracted by OTA.^ 

FACTORS THAT INFLUENCE 
TECHNOLOGY USE BY TEACHERS 

Why don't teachers make wider use of instruction- 
al technologies? What is the experience of teach- 
ers as they encounter new technologies in their 
schools? This section first provides a general 



' Most teachers do not yet have access to or experience with telecommunications networks iuid related technologies. See ch. 3. 

^ Melinda A. Grifnth, "Technology in Schools: Hearing from the Teachers," Office of Technology Assessment contractor report, October 
1993. 

John R. Mergendolleret al., "Case Studies of Exemplary Approaches to Training Teachers To Use Technology." Office of Technology 
Assessment contractor report, September 1994. 
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overview of some factors that influence the extent 
to which teachers use technology. These include 
availability, time, and differences among teachers 
in their attitudes toward change and technology. 
This section then focuses on three specific areas: 
1) training and understanding, 2) onsite support, 
and 3) systemic factors such as planning and the 
assessment system. 

Clearly, before teachers can use the technolo- 
gies they must first have access to them. As chap- 
ter 3 has suggested, the amount of computer and 
video technologies used for instruction in schools 
has grown considerably in recent years. Most 
teachers no\.- have some access to these technolo- 
gies. Yet as chapter 3 has also illustrated, many of 
these technologies are not necessarily easy for 
teachers to access and use as part of their daily rou- 
tines. In addition, a substantial portion of the 
school computer inventory is made up of older, 
less-powerful machines. Access to telecommu- 
nications technologies is especially limited. Be- 
yond these problems of access to machines, 
however, lie a number of other important barriers 
to more widespread use of educational technolo- 
gies by teachers. 

First, it is important to recognize that technolo- 
gy tools require time to master. Hardware and 
software, no matter how "user-friendly," are com- 
plicated and constantly changing. In any profes- 
sion, time must be invested in learning how to use 
a particular piece of software to accomplish work- 
related goals; furthermore, keeping up with 
upgrades or new software requires ongoing in- 
vestments of time. But teachers, in particular, are 
"prisoners of time," as a national study recently 
underscored.'* American schools require teachers 
to spend the vast majority of the school day en- 
gaged in actual instruction, which leaves little of- 
ficial time for planning, preparation, or learning 




To learn to use new technologies, teachers need time for 
"hands-on" exploration and collaboration with colleagues. 



new things. Even accomplished technology-us- 
ing teachers, who are highly motivated, rated 
the lack of time as among the most problematic 
barriers to technology use in schools.^ 

Furthermore, teachers are an incredibly diverse 
group. Some teachers express eagerness to experi- 
ment with new ideas, even at the risk of failure, 
while others say they have little interest, energy, or 
time for experimentation.^ The great majority of 
teachers probably lie somewhere in between these 
two poles. As one educator explained, "Most 
schools have a bell curve distribution of teachers 
ranging from the aggressive, active, enthusiastic 
innovators to those who are counting the hours un- 
til retirement."^ Even the most energetic and inno- 



■» National Commission on Time and Learning. Prisoners of Time (Washington, DC: U.S. Government Printing Onicc. April 1 994). 
5 Karen Slieingold and IVIartha Hadley. -'Accomplished Teachers: Integrating Computers imo Classroom Practice." Center for Technology 
BducatiOli. New York. NY. September 1990. Sec cli. 2 for further information on this study. 
^ See. e.g.. IVIichael Fullan. Tlie New Meanina of Educutionul Cliunftc (New York: Teachers College lYcss, 1991 ). 
' David Thomburg. quoted in lilet lronic Leaminii. vol. I ^, No. 6, March 1 99-1 p. 1 (>. 
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vative teachers experience many competing 
demands to learn new things — new curriculum 
standards, teaching methods, behavior manage- 
ment techniques, assessment methods, techniques 
for working with special needs children, and so on 
(see chapter 2). 

This is also true when it comes to technology. 
Teachers, like others who use technology, fall 
along a bell curve in which there is a small per- 
centage of innovators and visionaries eager to try 
new things, a larger number of those who follow 
the lead of others, and a small group who are skep- 
tical of change^ (see box 4- 1 ). Teachers vary wide- 
ly in their experience with and knowledge of 
technology. Some teachers already have comput- 
ers at home, for example, while others have never 
been shown how to "boot one up." Some teachers 
may be unclear about what technology can offer 
them because they have had very limited experi- 
ence with technologies or little exposure to mod- 
els that use technology to enrich the curriculum, 
deliver instruction in different ways, or improve 
personal productivity. Furthermore, there prob- 
ably are some teachers who will actively resist or 
avoid learning about technology for reasons that 
may not be well articulated.^ The words of one 
high school geometry teacher illustrate that some 
teachers don't want to change: 

I'm the old-fashioned type — after so many 
years, you build up a file on your subjects. . .For 
me to go into teaciiing computers. . .1 would 
have to start all over. I would have to actually sit 
down and work everything out, and it would re- 
quire a lot more work on my part to run a class 



the way I want it run. . . 1 just don't want to do 
it. . .Don't want to change. '° 

The kinds of pedagogical beliefs and practices 
a teacher holds may also influence whether he or 
she uses technology. For example, one inter- 
view study found that "high-tech" teachers tended 
to hold a student-centered approach to learning 
(e.g., inquiry methods, collaborative learning, 
hands-on practices) and had used the technologies 
to implement this philosophy. '2 Thg "low-tech" 
teachers (those who, despite being given opportu- 
nities to use technologies, were not doing so) were 
more diverse in their teaching approaches. Some 
held student-centered educational beliefs but were 
reluctant to use technologies because of personal 
fears or inhibitions or because of problems with 
accessibility and scheduling of equipment. Others 
were described as taking more traditional ap- 
proaches to teaching (e.g., following the routines 
of the textbook, using a lecture format); these 
teachers reported not using technology because 
they feared it would undermine their authority 
with students or because they felt pressed by the 
number of district- mandated curriculum require- 
ments and therefore did not feel they had instruc- 
tional time to give to additional activities. 

No systematic data exist to tell us what consti- 
tutes the normative "technology experience" of 
teachers in schools today, nor whether technology 
is more readily used by certain kinds of teachers. 
However, talking to teachers — hearing their con- 
cerns and stories — can help in finding what is re- 
quired to encourage more widespread use of 



8 See, e.g., Geoffrey A. Moore, Crossing the Clwim: Marketing and Selling Technology Products to Mainstream Customers (New York, 
NY: Harper Business, 1991). 

' See, e.g., Ronald G. Ragsdale, Permissible Computing in Education (New York: Praeger. 1988). 

'° Janet Ward Schofield, Computers and Classioom Culture (New York: Cambridge Univrsity Press, in press), cli. 4. 

' ' See. e.g., Larry Cuban, Teachers and Machines: The Classroom Use of Technology Since 1920 (New York: Teachers College Press, 
1 986); Larry Cuban, "Public School Teachers Using Machines in the Next C:ccade," Office of Technology Assessment contractor report, Oct. 8. 
1994. 

' 2 "High-tech" and "low-tech" teachers were identified in each district by the district computer coordinators. Margaret Honey aiul Biibette 
Moeller, Teachers' Belie/sand Technology Integration: Different Values. Different Understanding}.. Centti for Technology in Education, Tech 
nical Report No. 6 (New York, NY: Bank Street College of Education, August 19<X)). 
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BOX 4-1 : Acceptance of l^ew Technologies: A- Marketing "theory 



This figure Illustrates one market-based model of how any new technology product attracts new cus- 
tomers throughout its life cycle. The very small group of innovators pursue new technology products 
aggressively; they are "technologists" and make technology purchases simply for the pleasure of exploring 
the new technology product. Early adopters are not technologists, but find it easy to imagine and under- 
stand the benefits of a new technology According to this theory, there is a large "chasm" or gap between 
the early adopters and the next and much larger group— the early majority. Winning the interest of the early 
majority is key to market success since they represent about one-third of the consumers; this groups 
shares some of the early adopter's ability to relate to technology, but they are also driven by a strong sense 
of practicality. These individuals want to see "well-established references" before investing substantially 
This chasm exists, in part, because these individuals do-not want to have to "debug" someone else's prod- 
uct—they want their technology to work properly and to be easily integrated. 

The late majority differs 

The Technology Adoption Life Cycle ^^^^^ ^ap^i^ mostly 

in that they feel less comfort- 
able about their own ability to 
handle a technology product. 
As a result, this large group 
(again about one-third of the 
total) wants to wait until some- 
thing has beconne an estab- 
lished standard. Finally, there 
are the laggards who don't 
want anything to do with the 
new technology. Generally in 
marketing plans, laggards are 
viewed as not worth pursuing. 
This model suggests that 

within any group of individuals, such as teachers, there will be tremendous variability in their willingness to 
explore and accept new technologies. Clearly there is a small group of teachers who have been active 
innovators and have eagerly embraced new technologies in schools. Similarly many schools have teachers 
who could be called "early adopters." But today the challenge may still lie in "crossing the chasm" and 
getting the next, and much larger, group of teachers sold on the usefulness and practicality of technology 
use for them. 

SOURCE. Geoffrey A Moore.CrossmgtheChasm:Marl<etingandSellmgTechnologyPmductstoMamstreamCustomers{Ne^NYoiK 
NY. Harper Business. 1991) 




technology. In the section that follows, a number 
of common barriers that have been identified in 
the technology implementation literature will be 
discussed and highlighted from the teacher's per- 
spective. In a real school setting, some, all, or 
none of these barriers — or other barriers— may be 
present. The discussion that follows is nf^t meant 



to reify these barriers or make teachers or policy- 
makers feel that the situation is hopeless. Rather, 
it is intended to help alert policymakers and other 
readers to factors they should consider if they de- 
sire to integrate technology into teaching and 
learning. 
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I Training in Technology Use and 

Understanding Potential Applications 
Teachers' Perceptions 

When asiced what would help them use technolo- 
gy better, many teachers mention the need for 
more knowledge about how to use various 
technologies. For some, this means operational 
skills, i.e., how to make the technology work. In 
one survey, a majority of teachers said that they 
felt they needed training in order to adequately use 
a personal computer (56 percent), standard com- 
puter software (61 percen' , multimedia software 
(62 percent), instructional videodiscs (67 per- 
cent), and online databases (72 percent). Far fewer 
felt the need for training in using video resources; 
only 7 percent of teachers said they needed train- 
ing to adequately use a videocassette recorder 
(VCR), 9 percent for a television monitor, and ) 4 
percent for instructional videotapes. 

Some teachers worry that their lack of knowl- 
edge might result in embarrassment or "feeling 
like a fool" in front of their students. For some 
teachers, this situation may be intolerable. As one 
teacher said: 

You can't have trouble or be messing with the 
machine in front of a class. It may be due to my 
lack of confidence, but I have to be comfortable 
with it if I'm going to use. . . My computer pho- 
bia, I'm actually over that. I'm not afraid of us- 
ing the machine anymore, like I was, but I am 
afraid of how they [the students] might react.''' 

For other teachers, the greater need is un- 
derstanding what the technologies can do. 



Many teachers have not had the opportunity to 
observe and learn about the wide range of educa- 
tional uses to which technology can be put — par- 
ticularly various ways it can be incorporated into 
different curricular areas. For example, evidence 
collected by OTA suggests that some non- 
technology-using teachers, while they endorse the 
importance of student access to computers and 
other technologies, don't see why technology 
should be used in their classrooms or what re- 
sources technology can offer them as they try to 
meet their instructional goals. One high school 
teacher, who did not use the computer he had been 
given for his class of gifted and talented students, 
explained, "It didn 't do anything I couldn 't do eas- 
ier and cheaper on the blackboard."'^ In that same 
high school, a home economics teacher stated, "If 
I could see a really good use for a computer I 
would use one. . .but I have yet to think of any- 
thing I could do on a computer that I can't do by 
myself just as well."'^ 

Teachers who want to use technologj- also 
may find that educating themselves enough to 
be able to use a particular piece of hardware or 
software can require considerable amounts of 
extra time and effort.'^ One teacher, who de- 
scribed himself as a technology "want-to-be," 
said, "It is just prohibitive time- wise to go through 
and read through everything, to figure out how to 
do everything, every time I want to do something 
new."'^ Furthermore, finding and integrating 
software into the existing curriculum can be diffi- 
cult without a fairly comprehensive knowledge of 
available software. 



National Education Association. Siuiux of the American Public School Teacher. 1990-91 (Washington, DC: 1992). 
' Keith F. Allum, "Technological Innovation in a High School Mathematics Department: A Structural and Cultural Analysis," unpublished 
Ph.D. dissertation, Princeton University, June 199 1 , p. 1 S.*). 

Schofield, op. cit., footnote 10. ch. 4. 
"' Ibid. 

Susan A. Zammit, "['actors Facilitating or Hindering the Use of Computers in Schools," Eilucatumal Research, vol. .14, No. 1, spring 
1992. pp. 57-66: Barbara Means et al., f Avm.i; Tec hnolo^y To Supjtorl lulucaiion Rcjurm fWashinplon, DC: U.S. Department of Education. Sep- 
tember 199.1). 

GrifTith, op. cit., fiiotmitc 2, p. ^7. 
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Teachers may also need more knowledge 
about how to organize and effectively manage 
their students in technology-based environ- 
ments. Some teachers have just one or two com- 
puters in a classroom, and are not sure how to use 
them well when only few students at a time can 
work on the computer. One teacher described the 
problem of managing a classroom of students with 
limited technology this way: 

It is hard enough to figure out how you are go- 
ing to allow 25 students access to the computer 
and equal time. . .That's a huge task, and if you 
don't really know the benefits and the advan- 
tages and the disadvantages and all the things 
that whatever system you have and whatever 
software you have can offer, the management is 
just such a nightmare that you turn off the whole 
thing. '9 

Even when teachers have more equipment, 
orchestrating its use often requires knowledge 
about how to really teach with it or how to or- 
ganize learning activities to make optimal use 
of the technology. For example, one French 
teacher had to learn how to structure her classes 
differently once she got technology; eventually 
she learned how to rotate her students through 
workstations that included a station with comput- 
ers for drill and practice and a station with tape re- 
corders for oral language practice: 

It was a 9th-grade class, and most of the 
kids. . .have already worked in a class where a 
number of things are going on at a time, so it 
didn't bother them at all. h drove me crazy, but I 
could see it was benefiting them. I felt torn. I 
wanted to be with this [student]. I wanted to be 
with that group. It was just a question of con- 
vincing my soul that when there is noise and ev- 
erybody is doing something different, learning 
is taking place. It's difficult for me.^*^ 




Teachers who want to integrate technology into their 
classrooms need to bear in mind the time and effort required 
to preview and select appropriate software materials. 



Availability of Training 

How much actual training or coursework about 
technology and its educational uses have teachers 
had? Available data suggest that most teachers 
have had very little. In one survey, less than half of 
the American schools reported that an introducto- 
ry computer course is available (either in the dis- 
trict or at a local college) for their teachers.^' This 
pattern was particularly pronounced among teach- 
ers in middle schools, where only 27 percent of 
schools reported (he availability of such a course 
compared with 5 1 percent of high schools and 43 
percent of elementary schools.^^ 

As regards video, a different set of data found 
that fewer than one-fourth of teachers reported 
having had training in the instructional uses of 
video or television. Fewer than one teacher in 20 
reported having received formal training over the 
past three years in such topics as evaluating video 



I'' Ibid., p. .'i4. 

2" Schoficld. op. cil.. foctnolc 10. ch. 4. 

21 Ronald H. Anderson icd ). Coniimters in Amenccm Schools 1992: An Ovcrvien: lUA Conipulcrs in Hdiicalion Study. (Minneapolis: 
199.M. pp 52-.'i3. 
" Ibid. 
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FIGURE 4-1 : District Computer Budgets: 
Estimated Allocations, 1992-93 



Training 
15% 



Software 
30% 




Hardware 
55% 



NOTE District Computer/Technology coordinators were asked to esti- 
mate the amount of their total computer budgets spent in the above 
three categories. N - 3.927. 

SOURCE Market Oata Retrieval. Education and Technology. 1993- A 
Suiveyolthe K-12 MarkeHShenon.CT 1993). p II 

programming or curriculum coordination using 
instructional television (ITV) materials.^^ As 
noted above, however, this is an area where teach- 
ers feel more comfortable, and less in need of 
training. 

Data on expenditures for educational 
technology indicate that far more resources 
have been allocated to hardware and software 
than to training or technical support. For ex- 
ample, in 1 992-93. a national survey asked district 
technology coordinators to estimate how much of 
their total district computer budgets fell into each 
of these three categories. This survey found that 
approximately 55 percent of all technology spend- 
ing goes to hardware, while software spending ac- 



counts for another 30 percent (see figure 4-1). 
Training accounted for only 15 percent. Noting 
that a higher portion of technology budgets is now 
devoted to software, the authors suggest: 

At one point in time, districts expected that 
teachers would create software and budgeted no 
dollars toward software purchasing. That has 
changed dramatically over the past 1 0 years. If 
any problem remains, it is found in the percent- 
age of overall budgets devoted to computer 
training.2^ 

These national pattems are reflected in an eval- 
uation study of a major Educational Technology 
Initiative in Utah that provided schools across the 
state with money for technology. In the third year 
of the initiative (1992-93), the average Utah ele- 
mentary school received $15,365 and spent 68 
percent on hardware. 20 percent on software, 6 
percent on repairs, and 6 percent on training. With 
its budget of $3 1 ,369, the average Utah secondary 
school allocated 75 percent to hardware, 15 per- 
cent to software, 6 percent to repairs, and 4 percent 
to training.25 Data from the evaluation indicated 
that inservice training, though limited, had an im- 
portant effect — teachers who received inservice 
training were more likely to use computer 
technology than teachers who did not receive 
training. Furthermore, teachers receiving training 
were more likely to use computers to stimulate 
higher-order thinking and creativity. Overall, 
however, the evaluators of the Utah project con- 
cluded that the current allocation of funding to in- 
service training was not sufficient to realize the 
potential of the state's considerable investment in 
hardware. 26 

As states such as Utah gain more experience 
with technology implementation, more are be- 



2 ' Andrew L, Russell and 'llxmias R. Ciirtin, Study of School Uses of Television oiut Video: IWO-iJI School Year ( Arlinjiliin, VA: Corixira- 
lion for l^]hlic Broadcasting, l-ebi^ary 1993). 

Market Data Retrieval, iUlucmion and Technology. IW: A Siirvey of the K-12 Market (Slieiloii, CT: MDR, I'JV.M. p. 11. 

John R, Mergendoller el al.. The Utah Educutiomd Teehnolony Initiative: Eviduiilioii I'/'diite (Niivalo, CA: Ucrvl Buck Institute for 
Hducalion, January 1994), p. II. 

John R. Merpendoller el al.. Insiruclioiial lililizalion, Teacher Trainini; and Implemenlulion oj I -icih's lidui alional Tcchnolojiv Iniliulivc 
in Sihool ihstricis and Colleges (Novalo. CA: Beryl Buck Institute for liducalion, June 19921. 
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coming convinced of the importance of investing 
substantially in technology training, especially in 
the early years of the technology adoption proc- 
ess. For example, Florida has revised its policy to- 
ward technology training. For the 1993-94 school 
year, the Florida legislature allocated $55 million 
for educational technology and $8.65 million for 
educational software. The appropriation required 
that schools applying for these technology funds 
set aside at least 30 percent of the money for train- 
ing.2^ The Texas Education Agency recently rec- 
ommended that districts allocate a substantial 
portion of their technology funds for staff devel- 
opment, suggesting that districts just getting 
started allocate 30 percent of their technology 
funds to hardware, 30 percent to software, 30 per- 
cent to staff development, and 10 percent to main- 
tenance.^*^ While Washington State does not 
require inservice training in technology, the state 
spends about 40 percent of its $4.5 million 
technology budget on teacher training activities 
(see box 4-2)?-^ 

One of the barriers to increasing technology 
training for teacliers is the many competing 
priorities for limited staff development time.^ 
This makes scheduling technology training diffi- 
cult. Districts have multiple instructional goals, 
approaches, and philosophies they want teachers 
to learn about and use. In one district, for example, 
where the integration of "whole language"^' 
teaching into the curriculum is the current educa- 
tional priority, training not directly related to this 
goal is discouraged because it takes time that the 
central administration wants teachers to use for 
implementation of the whole language tech- 
niques. -^2 



Nature of Training 

The kind of technology training provided is as im- 
portant to teachers as the availability of training. 
Some teachers observe that the content of training 
they receive is inadequate; there seems to be a fo- 
cus on basic training in the mechanics of operating 
the machines, with little training about integrating 
technology into various subjects or learning to use 
it as a pedagogical tool. One observational study 
of computer use in a high school found that: 

One of the characteristics of the training 
teachers were most likely to complain about was 
its restricted technical focus. Specifically, 
teachers tended to be critical of the fact that the 
training often focused primarily on issues such 
as how to operate the computer without giving 
them much advice or assistance with two funda- 
mental issues. . .what software was available to 
assist in accomplishing their educational objec- 
tives and how to organize the class to make effi- 
cient and effective use of students' time when 
there were a small number of computers in the 
classroom.-^ 

Poorly timed or piecemeal training can also be 
a problem. Sometimes training is provided before 
the hardware or software arrives or before teachers 
know what equipment they will be using. One 
teacher described her school's policy in this way: 

Technology acquisition seems to have been 
done very piecemeal. We acquired certain 
pieces of equipment. We acquired certain kinds 
of software, whether someone donated it or we 
purchased it or the librarian wanted it or the 
computer specialist wanted it. . .It's difficult 
enough to sort of initiate getting training on a 
certain kind of equipment and then. . .the next 



"A Technology-Ready .State." EUrtnmk Leiirmn^. vol. 1.^ No. 2, October 199.^, p. ."iX. 
Merpemloller ct al.. op. cit., faotnote p. 6. 

S. Anderson. "Stale Tcdinologv Activities Rclalcil to Teachers." Omce of Technology Assessment contractor report, No\. 1 4. 1 994. 

Sec, e.g., Jonathan W. Gallishaw, "The Integration ot Tcchnology into llducation: A Study of Schools in Soulheastcm Massachusetts," 
thesis submitted to tlie graduate school of Bridgewalcr Stale College. May 1994. 

" Whole tannuiijic is an approach to teaching reading in which stiidenls Icani \\ords in context latlicr than by phonetics. 

(Irifnth, op. cit., footnote 2. pp. 2f)-2(i. 
" Schoricid, op. cit., footnote 10, ch. 4. 
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BOX 4-2: Te'acher Inservice Tec'tinology Training: State Requirements and Resources 



A recent OTA-sponsored telephone survey and review of state literature found that states rarely man- 
date inservice training in technology for teachers. Only Alabama and the District of Columbia require any 
inservice training in computers or technology for all teachers. In Alabama, five days of general teacher 
training are required per year; some of these inservice days must include some training about technology, 
but local districts can decide how much. Alabama also requires additional training for personnel who will 
serve as computer assistants and computer education teachers. Alabama has several state Department of 
Education staff assigned to assist schools with their technology training and followup, including technical 
assistance at school sites. The District of Columbia's recertification process requires that each teacher 
complete five credit hours of technology instruction (60 hours) every five years. The District's central train- 
ing center has a small staff of persons who not only assist in the technology training but work with the 
schools on technology problems throughout the year 

Until this year, Texas required a minimum of 20 hours of inservice training per year for all teachers, in a 
range of areas. A recent change in legislation now allows local districts to set their own standards. Texas 
funds the majority of the teacher technology training in the state through 20 regional service centers. Mis- 
sissippi is developing a new state educational technology plan that is projected to include a specific re- 
quirement for inservice technology training. 

While most states do not mandate technology training for teachers, some support training in other ways 
by "strongly" recommending training, providing offsite resources, or encouraging local districts to provide 
funding for training. For example, Vermont strongly recommends that districts provide training for teachers 
in "all forms of educational technology" Florida established technology centers at universities and other 
sites to provide resources, training, and curriculum development services. 

iS^ontana has established 15 regional training centers, interconnected by a state telecommunications 
network, the Montana Educational Technology Network (METNET). METNET facilitates the sharing of teach- 
ing resources among the centers through bulletin board systems that feature curriculum guides, lesson 
plans, and cooperative learning projects. 

SOURCE. Ronald E. Anderson, "Stale Technology Activities Related to Teachers, " Offce of Technology Assessment contractor re- 
port, Nov 14, 1994 



year might come and you are faced with new 
equipment, something you are not really famil- 
iar with. 

It is also a challenge to structure training for 
teachers with widely varying experience with and 
knowledge about technology. Finding oneself in a 
training session that is too complicated or ad- 
vanced can be especially frustrating and discour- 
aging for the novice technology user, as a school 
librarian described: 



I went to an all-day training session. . .1 
didn't even know the basics of computers. . .At 
one point they were talking about a menu. I 
started wiping my glasses. . .1 kept cleaning my 
glasses looking for the word menu. Then I got 
upset, started running to the bathroom like a 
child because I don't know what is going on 
here. Finally I raised my hand timidly. [I said] "I 
don't see anything that looks like food. . ." It 
was overwhelming for me. . .1 was not computer 
literate.^'' 



Ciriffitli, op. cit., footnote 2, pp. 52-53. 
'5 Schondd, op. lit., footnote 10. eh. 4. 
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I Onsite Support and Assistance 
Teachers' Perceptions 

Typically, formal training sessions in the uses and 
mechanics of educational technologies provide 
only the basic knowledge that gives teachers an 
impetus to further experiment. Beyond this, 
teachers consistently report that having a person at 
the school site who can help them makes all the 
difference in the likelihood of their going further 
with technology — someone who is knowledge- 
able about technology and can help them with 
questions or problems. For example, when asked 
what one factor would help her decide whether 
and how to use a computer, one teacher replied: 

If I could have a few hours one-to-one with a 
really competent teacher that has used it — ^just 
let me ask questions [about] what I'm afraid of 
about a computer, what I don't understand.^^ 

The inevitable technical and logistical prob- 
lems that arise with technology are one reason 
many teachers feel the need for onsite assist- 
ance. These include such problems as machines 
that won't work as promised, restricted access to 
locked closets filled with enuipment, media carts 
that must be scheduled and shared among many 
classrooms, equipment that remains broken for 
weeks or even months because no one knows how 
to fix it and repair requests take weeks or months 
to process. For example, one teacher who had to 
coordinate computer use with others in her grade, 
said that she would rather not have the computer 
than to "scuffie around the school" looking for it. 
It had become a "pain," rather than an asset to the 
classroom.-^^ 

Problems with scheduling shared resources 
such as computers in a lab can also create frustra- 
tion. For example, one elementary school teach- 
er reported that all teachers at her school are 
scheduled to use the computer lab twice a week for 




Technical support is important in scl^ools, but teacners also 
need informal, onsite assistance with tasks such as setting up 
equipment in class or trouble-shooting problems with 
hardware or software. 



half an hour at a time. Some teachers purposefully 
miss the time slots: "You're not supposed to, but 
people do, because it is a pain." According to this 
teacher, the scheduled time slots are too short to 
accomplish anything, the lab itself is poorly orga- 
nized, and "some of that stuff up there is so old. . . 
and there are always a couple of computers bro- 
ken."39 

Even experienced technology-using teachers 
can find themselves preoccupied with trouble- 
shooting hardware and software problems, rather 
than assisting students in their learning activities. 
The following notes made by a researcher observ- 
ing a high school lab illustrate the trials that can 
arise; in this case, three teachers, all fairly knowl- 
edgeable, were trying to help a half-dozen or so 
students who liked to use the computer lab during 
their lunch time: 

The students. . .continue to have a lot of very 
nitty-gritty problems. Kathy can't get the printer 
going. . .She's scowling and says in an annoyed 
tunc of voice. "Please help me." Mr. East sug- 



lhi(l..p. 2S. 

GriffiUi. op. cit.. footnole 2. 
Zunimit. op. lit.. IooIikiIc 1 7 
Grifrnh. op. oil., footnote 2. p. 42. 
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gests several things, and after they Iry out four or 
five different approaches they finally get the pa- 
per to print out. Ms. Prentiss has been working 
with Sharon on word processing. . .For the last 
10 minutes cries like, "I don't believe it" and 
"Oh, no. Not again!" have been emanating from 
both of them. . .She can't get [a second] printer 
to work. . .At this point Mark calls to Ms. Pren- 
tiss, "I need help. . ." Ms. Prentiss puts her head 
down on the desk briefly. She looks at me with 
what appears to be a mixture of mock and real 
despair and trudges over to Mark. [Later in the 
same period] Dan is trying to use a printer which 
Mr. East thought he had fixed. Dan's essay 
comes out quadruple spaced. In addition, every 
single word is underlined. Ms. Prentiss looks at 
it and breaks into almost hysterical laughter. 
Dan looks annoyed. Ms. Prentiss says, "I'm 
sorry, this is just too much — too, too much!. . ." 
Mr. Adams and Mr. East are still working on the 
second malfunctioning printer. Mr. Adams says, 
"You know I have a trick. What I do with my 
[home] computer is just turn it on its side and hit 
it. Maybe that will work here. . ." They turn it on 
its side and give it a whack as one of them holds 
the tension on the paper feed. ITie machine be- 
gins to work.***^ 

As the above examples suggest, a great deal of 
what teachers need to know about technology can- 
not wait for a scheduled training session. As do 
most individuals dealing with new technologies, 
teachers also need infoirnal assistance — often 
with a kind of immediacy that does not lend itself 
to afterschool telephone calls. This kind of assist- 
ance might include help setting up equipment or 
trouble-shooting hardware and software problems 
in the classroom — the more "nuts and bolts" kind 
of technical support. 

However, as discussed in the next section, 
teachers also need pedagogical support such as 



advice on choosing relevant software and inte- 
grating it into a speciflc lesson, suggestions for 
ways the technology can be used to meet partic- 
ular curricular goals, or ideas about how to or- 
ganize the whole class to use four computer 
workstations or a single computer with a mo- 
dem. Some schools attempt to overcome these 
barriers by having a person onsite who has respon- 
sibility for technology coordination within the 
building. 

Availability of Onsite Computer Support^^ 

OTA finds that onsite technology support person- 
nel for assisting teachers are limited in most 
schools. The percentage of schools that assign a 
full-time nonteaching position to coordinate 
teachers' and students' computer use did not 
change at all between 1989 and 1992 and remains 
very small. In 1992, as in 1989, only 6 percent of 
elementary schools and 3 percent of secondary 
schools employed a full-time school-level com- 
puter coordinator who did not also have teaching 
responsibilities. In nearly three-fifths of all 
schools, there was no one in the school who had 
any portion of their workweek officially allocated 
to coordinating or supervising the computer pro- 
gram. In about one-fifth of these schools, one per- 
son, usually a regular teacher or the school media 
specialist, has at least half of the job officially de- 
fined in terms of computer coordination responsi- 
bilities. 

In those schools where there is a "major" com- 
puter coordinator, how do they report spending 
their time?'*^ As a group, the "major" computer 
coordinators report spending an average of 38 
hours per week on tasks associated with computer 
coordination. But working with teachers to use 



*' Schondd, op. l it., fooliioli- 10, ch. 4, 

'" Data in this section arc from the 1 W2 Inteniaiioiial Association for the I-valiiiition of i;ilucalional Achievements (lEA) C'cnipntcrs in 
Education Study as described in Henry J, Becl^cr. "Analysis and Trends of School Use of New Information Technologies," Office of Technolo- 
gy Asscssiwnt contractor report. March 1 W4. l-'or further description ot the 11;A study and its findings, see ch. ^ and app, H. 

For this analysis, "major computer coordinators" includes two groups — "oiricial computer coordin,ilors." those whose official \oh de- 
scriptions included at least half-time computer coordination duties, and those who reported spcmdiiig ,it least 2tl lioiiis per week on the tasks of a 
coordinator, even though their "olficial" job description required less. 
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computers is a very small part of their job, taking 
up an average of only 3.6 hours per week, or less 
than 10 percent of their total computer coordina- 
tion time/-' Most of their coordination time is 
spent teaching or supervising students who are us- 
ing computers in computer education classes or in 
other subjects. Hardware and software mainte- 
nance occupies a larger percentage of time for this 
group, on average, than working with teachers. 
Thus, OTA finds that even schools with an on- 
site coordinator do not provide teachers with 
very much school-based assistance with com- 
puters. 

Onsite Support for Instructional 
Television and Video^ 

Although two-thirds of schools have a person des- 
ignated as a coordinator of instructional television 
or video, it is very rare for this to be a full-time 
position. In all but 3 percent of schools surveyed 
in 1990-91, that person had other duties; most 
often he or she was the school librarian, or else 
was a teacher, computer coordinator, or adminis- 
trator. 

Whatever their other responsibilities, ITV 
coordinators performed a variety of support func- 
tio. J. As reported by the school principals, these 
included recording programs for teachers' later 
use (in 81 percent of all schools), distributing 
teacher guides to programs (82 percent), assisting 
with equipment (90 percent), training teachers to 
use video in their teaching (56 percent), coordinat- 
ing previews and screenings (53 percent), and 
helping to produce instructional TV and video 
materials (35 percent). Mirroring the fact that vid- 
eo is used more in secondary schools than elemen- 



tary schools, ITV coordinators at the secondary 
level seemed to have more varied responsibilities 
than those in elementary schools. 

I Syf5temic Factors Influencing 
Technology Use 

In the last several decades, researchers have begun 
to understand some of the processes involved in 
bringing about change in schools. Effective im- 
plementation of new practices or innovations in 
schools is influenced by many factors; these deter- 
mine the extent to which new educational prac- 
tices are adopted and maintained over time. 
Schools are organizations with many different 
players and constituencies. Some school cultures 
promote and encourage innovation, other-; .'o not. 
Teachers are only one part of this complex system 
that includes district administrators, principals, 
parents, students, local communities, and govern- 
mental agencies. ''^ 

Some educators think that training and onsite 
assistance are the primary ingredients necessary to 
facilitate widespread technology use among 
teachers. While these ingredients are impor- 
tant, OTA finds they are not sufficient to assure 
that technology will be explored and used by 
the majority of teachers in a school or district. 
Other factors that affect whether teachers use 
technology resources include policies that encour- 
age teacher experimentation and collaboration, 
the presence of incentives for teacher use of tech- 
nology, administrative leadership about technolo- 
gy, and public understanding and endorsement of 
the importance of technology as a learning and 
teaching tool. Two of the most critical among 
these are: 



The "official" computer coordinators (that is, those with job definitions where computer coordination responsibilities constitute at least 
one-half of their job) spend somewhat more time in teachi <• training, but even they average only five hours |wr week in that activity. 

^ Data in this section are drawn from Andrew L. Kusse, luid Thomas K. Curtin. "Study of Schcxil Uses ol Television and \ idciv 1V9(1 41 
School Year," Corporation for Public Broadcasting, February 1993, as described in }1enry J. Becker, OITiceof Technolojiy Assossmciit conliai 
tor report, March 1994. For further desi iption of the CPB survey and its findings, see ch. 3 and app. B. 

See, e.g., Michael ("i. Fullan. op. oit.. footnote 6; William A. Firestone and H. Dickson Corbclt. "I'lanncil Oigaiii/'atioii.il C'h.iiigc. ' iii 
Norman J. Boyan (ed.), Handbook of Research on Educatkmai Administration (New York: Longman. 19XX). David K. Cohen. "lAliuational 
Technology and Schixil Organization." in Ruyniond S. Nickerson and Philip I'. Zodhiates, TtthwIoKvin luhnutioii: Look lowaid 2li2i>(\\\\\^ 
dale, NJ: Lawrence Hrlbaiim, 198X). 
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■ having a vision and plan for using technology 
to meet instructional and professional goals, 
and 

■ evaluation and assessment policies that encour- 
age technology use. 

Clarity of Goals: Articulating an 
Educational Rationale for Technology Use 

As explained in chapter 2, teachers who are expe- 
rienced technology users can cite many reasons 
for using technology in their classrooms. Less ex- 
perienced users, however, sometimes give rather 
vague rationales for adopting technology — for ex- 
ample, "because students need to be exposed to 
technology; it's the future" — reasons that do not 
offer a vision of how technology might be used or 
a clear directive as to what a teacher might need to 
do differently. 

It is not only teachers that may lack a clear un- 
derstanding of what technology can offer them, 
however. Responding to external pressures to 
"modernize," some schools and districts have ac- 
quired technology without a clear goal or educa- 
tional rationale for its use.'^^ For example, a 
computer lab might symbolize to parents and the 
public that a school is well-equipped to prepare 
children for the world of the future, even if the 
computers are never turned on. As one teacher 
said: 

[Having a computer lab is] something you 
can brag about to parents. . .We're in direct 
competition with private schools and Mr. Miller, 
the vice-principals, and the counselors romance 
the parents at the beginning of 9th grade. "You 
sure want to send your students here. . .Let me 
show you what's going on. . ." They [visit] the 
room downstairs showing them the marvelous 



new machines. . .which many private schools 
simply cannot afford.'*^ 

Furthermore, many school systems have not 
begun to explore the ways that technology can 
help them function better or differently as institu- 
tions and workplaces. Few teachers have been 
encouraged to view new technologies as profes- 
sional tools that can help them do their jobs 
better, more efficiently, or in new ways. For 
many teachers, the technology that has most revo- 
lutionized their working life has been the copying 
machine; not only has the drudgery of the ditto 
machine and preparing masters been eliminated, 
but copying substantially broadens the range of 
materials a teacher can easily make available to 
students. Yet, some teachers report that access to 
and use of copying machines is restricted or 
cumbersome in their school buildings — for exam- 
ple, there may be long lines at machines during 
precious times when teachers are not in charge of 
their students or budgetary restrictions on the 
amount of paper teachers are allowed to use. 
When so many schools do not encourage teachers 
to use even the most basic labor-saving tools, it is 
not surprising to find that teachers are not sup- 
ported in using more advanced technologies. 

Compatible Assessment and 
Evaluation Systems 

Ultimately, teachers will evaluate themselves and 
be evaluated by others based on the performance 
of their students. Teachers may be reluctant to ex- 
periment with new ways of teaching or new tech- 
nological tools unless they are reasonably sure 
results will be reflected in improved student test 
scores.'^^ Seldom can such an assurance be made, 
because traditional standardized tests may not 



^ Means cl al.. op. I'll., fcxMnotc 17. 

Jaiict W. Sclioficlil and David Vi-rban, "Harriers and Inii-ntivcs to Computer Usage ni Teaehiiij;," Teehnieal Report No. I , Learning Re- 
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be particularly good measures of the kinds of 
learning fostered by innovative uses of some 
technologies.'*' This problem was illustrated by 
the experience of a California school that pur- 
chased computers for all its students and teachers, 
as well as videodisc players and television pro- 
duction equipment. These technologies were used 
for challenging projects, such as producing a tele- 
vision news show, that required students to work 
together and engage in planning and solving 
problems. 

When test scores on the Iowa Test of Basic 
Skills for the first year of this project failed to 
show any increases, disillusionment set in. The 
computers were removed from students' desks or 
even sold and a new school board, stressing a 
"back-to-basics" approach, was selected. All this 
happened in spite of the fact that the new approach 
had hardly been in place long enough to reason- 
ably be expected to show a strong impact and that 
the Iowa tests are not an appropriate measure of 
the ability to work cooperatively or to plan com- 
plex projects.^^ 

The evaluation and assessment system by 
which teachers are judged can be either an incen- 
tive or disincentive for technology use by teach- 
ers. When decisions regarding promotions or 
tenure take technology use and expertise into ac- 
count, teachers are encouraged to experiment and 
work in this area. Furthermore, if teachers are ex- 
pected to use technology as a tool in their own de- 
velopment, this sends strong signals to the 
profession. For example, teachers seeking nation- 
al "Master Teacher" certification from the Nation- 
al Board of Professional Teaching Standards must 
fulfill a number of requirements to apply for the 
certification, including using technology to vid- 
eotape their own classroom instruction and going 
to an assessment center to evaluate other teachers ' 
videotapes of instructional practices.^' 




High school teachers develop their own projects as part of a 
TERC LabNet workshop, where they learn how to implement 
project-based investigations in their classrooms. 



However, evaluating teachers on how often or 
how well they use technology in their teaching can 
have drawbacks, especially if, for example, the 
principal is not well versed in the various ways 
teachers can use technology effectively. More- 
over, teachers may feel it is unfair to evaluate them 
if they have not received training and support in 
technology use. For example, one teacher who 
shared a computer among three classrooms ad- 
mitted to her principal during her end-of-the-year 
evaluation that she did not use the computer 
much. She cited the logistical struggles associated 



Means, op. cit.. foolnotc 17; Joan L. Herman "Evaluating the Efletls of Technology in School Reform." in B. Means (cd.). Ttrhiiolofiy 
ami Education Ki'Jorm: The Kculity liehind tlic Promise (San Francisco; Jossey-Bass. I^'M). 
^" Means, op. cit.. footnote 17, p. 88. 

l.jnda Kuhanlson. ■ I'lrst SI Teachers Qualify for National CerliUcation." Tlic New Yiirk Times. Jan. 6. \ W. pp. A l. 10. 
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with sharing the computer and the problems stem- 
ming from a lack of any computer experience or 
training. This teacher was marked down on her 
evaluation form for not using the computer, and 
her overall rating was lowered from "outstanding" 
to "good." The teacher felt quite angry about this, 
stating, "If she wants me to use it, then she needs 
to train me and she needs to have a computer avail- 
able in my room."-''^ 

APPROACHES TO ENHANCE 
TECHNOLOGY IMPLEMENTATION 

I Overview 

There are many schools that have thriving 
technology efforts, and many teachers who are us- 
ing technology adeptly. The experiences of these 
places and people offer examples of strategies, pit- 
falls, and lessons for others that are beginning the 
process of integrating technology into teaching 
and learning. 

Through case studies, a workshop, site visits, 
and literature reviews, OTA has examined the ex- 
perience of schools, districts, and states where the 
adoption of technology has been made a prior- 
ity.5-^ Many of these places were "early adopters" 
and have several years of experience with the 
process of technology diffusion. How have they 
gone about infusing technology into classrooms? 
What resources, such as training, onsile support. 



planning, and more, have these places provided 
teachers to help them learn about technology and 
understand how it might help them meet their 
educational goals? What incentives have these 
sites offered teachers to enlist their interest, enthu- 
siasm, and commitment? What other conditions 
are necessary to assure that technology is used 
effectively? 

Schools and districts have undertaken different 
strategies to gel technologies used more widely in 
their educational programs. These approaches 
share certain characteristics and they are not 
mutually exclusive; most schools combine more 
than one approach. The choice of approach will 
vary depending on the educational goals a site 
hopes to achieve with its technology and existing 
technological and human resources at the site. 
There are not a great deal of independent data on 
the effectiveness of these different strategies or 
which ones work best for different goals or in vari- 
ous kinds of schools. In describing these strate- 
gies, OTA offers examples of approaches that 
districts and schools say have worked for them. 

Behind each technology implementation strat- 
egy lies a set of decisions about how best to allo- 
cate scarce technology resources. Each place has 
made decisions about how to invest in and distrib- 
ute hardware and software — not only which 
technology to buy, but whether to concentrate re- 



■ - GrilTilli. op. (.il.. fooliuitc 2. p. 60. 

In iiddilidii Id the works directly cited, the next two .sections also draw on the following: Arkiuisas Department of Elducation. IMPAC 
I'Imsc I Ri-scunli iiiul I'luisc II Projinims: Inslnulional Mirrnrompuler Project for Arkansas Classrooms (Little Rock. AK: 1 992); California 
Department of Ivducation. Ruihliiifi the Future. K12 Network Technology Planning Guide (Sacramento. CA: 1994): Central Kitsap School 
District. Straievy 2020: Creating a Culture for Change (Silverdale. WA: 1 99 1 ); Chapel Hill-Carrboro City Schools, Moving Ahead with a Vision 
<>i Instrui tional Technology Use (Cha[)cl Hill. NC: spring 1991 ); J.D. Ellis. Teacher Development in Advanced Elducational Technology." 
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sources to make some sites "technology rich" or 
spread the technology more thinly across many 
more sites. For example, some states and districts 
have created model technology schools, described 
more fully below, choosing to invest heavily in a 
limited number of "technology-rich" sites. Even 
within a building, there can be different models of 
implementation: distributing technology re- 
sources evenly among classes, as opposed to plac- 
ing all the technology in a lab or other central 
location or targeting placement in certain class- 
rooms, grades, or curricular departments. 

Schools and districts must also determine how 
to allocate human resource investments to assure 
that the technology will be used effectively in 
school buildings. Most of the strategies described 
below make significant investments in three ele- 
ments of teacher support: appropriate and timely 
training; expertise to support and help teachers; 
and time for teachers to learn, "mess around" with 
technology, and work with colleagues. Some sites 
have chosen to develop a few "master teachers" at 
a site who are then responsible for teaching and 
training their colleagues, referred to as the "train- 
the-trainers" strategy. Other sites choose to invest 
more in providing an onsite expert, such as 
technology coordinator, who can support teachers 
and keep the school moving forward on incorpo- 
rating new technologies. Still others choose to dis- 
tribute the expertise by providing a critical mass 
of teachers at one site with technology tools and 
opportunities to learn, experiment, and adapt the 
technology to their own instructional needs. Addi- 
tionally, giving every teacher a computer, training 
school and district administrators and establish- 
ing technology resource centers arc implementa- 
tion strategies, often used in combination with 
these other approaches. Each of these strategies is 
described in the section below. 

I Training the Trainers 

A common strategy used to train teachers in many 
different topic areas is the "train-the-trainers" ap- 
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In the 'train-the-trainers' model, teachers are selected for 
extensive technology training in specific applications so they 
can then return to their schools and train other teachers to 
irr)plerr)ent those technologies. 



proach. In this model, selected teachers — those 
who are most enthusiastic and motivated to learn 
about a particular topic — are given intensive 
training. These teachers return to their buildings 
where they demonstrate and provide onsite train- 
ing in the new techniques to other teachers, Tea-h- 
er-trainers can share new knowledge with other 
teachers in any number of ways, including one- 
on-one peer tutoring or school-sponsored work- 
shops on release days or in the summer. An 
advantage of this model is that teacher-trainers 
can continue to be available to other staff after the 
formal training has ended. 

This train-the-trainers model has been used to 
support school improvement and change for a va- 
riety of curricular and pedagogical goals in the 
past, and has also been adopted in some places to 
facilitate the integration of technology into class- 
rooms. For example, in 1984-85 the Jefferson 
County (Kentucky) School District launched a 
major four-year plan, called the New Kid in 
School Project.-'*'* A 32-unit networked computer 
lab was installed in each of the district's 87 ele- 
mentary schools and five teachers from each 
school were chosen to participate in a 60-hour 
training program at a central district site. These 
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teachers were then expected to train other teachers 
in their schools. The district offered participating 
teachers release time, stipends, and inservice cred- 
it for their training activities. Jefferson County 
used the same training approach when it imple- 
mented major technology initiatives in its middle 
and high schools. An independent evaluation of 
the New Kid in School Project, six years after its 
inception, concluded that the trained teachers had 
emerged as instructional leaders in their schools 
and took key roles in managing and guiding 
technology use. 

The idea of training more than one person from 
a site seemed to be a key ingredient for the proj- 
ect's success. As one superintendent said, "The 
changi process follows an old notion, that two 
people in a building can support each other and en- 
courage the change to take hold."^^ However, 
training teachers in groups is not the only factor 
required for success. 

Another factor critical to the success of many 
train-the-trainers projects is the availability of 
support and resources for the teacher-trainers once 
they return to their buildings. If these trained 
teachers are expected to share their knowledge 
with colleagues, they must be given time and ad- 
ministrative support. Furthermore, research sug- 
gests that there are personal characteristics that 
affect success; effective onsite technology leaders 
need interpersonal and organizational skills, as 
well as technical knowledge, in order to interest 
and motivate colleagues less inclined toward us- 
ing new technology.^^ 

An extension of the basic train-the-trainers 
model is being used at Webster Elementary 
School, a model technology school in St. Augus- 
tine, Florida. When their technology program be- 



gan in 1989, the school held training sessions for 
all staff two afternoons a week, from 2:45 p.m. to 
3:30 p.m., as part of the normal workday. As 
teachers began to feel comfortable with the 
technology and show enthusiasm, planners of- 
fered them the opportunity to become an expert in 
a particular piece of hardware or software. Those 
who were interested were given extra time to learn 
about the technology, more one-on-one training, 
and opportunities to attend technology confer- 
ences. A central list identifying these "exi::.is" 
was posted in the building, and when other teach- 
ers had problems with a particular piece of hard- 
ware or software, they could consult the resident 
expert. According to the principal, teachers have 
developed pride in their new skills and have be- 
come quite self-sufficient. Technology use within 
the building no longer depends on outside facilita- 
tors or a single onsite expert. The principal notes 
with pride, "Our teacher experts do the train- 
ing. 
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I Providing Appropriate Technology 
Resource Personnel 

Several models have been used to supply the con- 
tinuing specialized technology support that teach- 
ers find so valuable. These include providing 
temporary onsite support from commercial ven- 
dors or the school or district, or continuing sup- 
port provided onsite by the school or the district. 

At the beginning of a technology initiative, 
when a school is implementing a new technology 
plan or making a significant investment in hard- 
ware, bringing in a facilitator or resource person 
from outside of the school may be an important 
component of that plan. Research on implementa- 



55 Ibid., pp. 7,4. 
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tion of innovations in schools has consistently 
shown that onsite assistance contributes to effec- 
tive implementation of new ideas.^^ For example, 
if a commercial vendor is supplying a large 
amount of software and hardware to a site, its 
package will often include a resource person, 
employed by the vendor, who spends a designated 
amount of time at the site training teachers and 
helping to "work out the glitches" with the 
technology. Alternatively the district or school 
may commit funds for a district employee or 
teacher at the school to facilitate the technology 
implementation for an initial year or two. Often 
this strategy ^assumes that the facilitators will 
"work themselves out of a job" after the initial im- 
plementation phase. 

Some evidence suggests, however, that it may 
be difficult for onsite technology facilitators to 
phase themselves out completely. A researcher 
who visited three Oregon schools to observe the 
computer programs at two different points in time, 
seven years apart reported: 

During the initial study, all of the [computer] 
coordinators projected that they would work 
themselves out of their jobs in anywhere from 
two to five years. Implicit in this goal was the 
idea that as teachers became comfortable with 
computers and various software programs, they 
would eventually use them in their teaching and 
no longer rely upon the help of a coordinator. 
VfTiile this is a laudable goal to work toward, in 
retrospect, it underestimated complexity of 
educational change with technology and the 
amount of sustained effort that it would require 
of teachers. . . 

Three factors. . .contributed \o the difficulty 
that coordinators found as they attempted to 
"work themselves out of iheir jobs": the rapid 
pace of technological change as it pertains to 



schools, the concerns of teachers that appear to 
affect their adoption of technology-based in- 
novations, and the need for coordinating the 
"n-ts and bolts" of educational computing.^' 

Regarding the ongoing concerns of teachers, 
the researcher wrote: 

When will technology become a high enough 
priority for a majority of teachers so that they 
pursue it as a regular part of their professional 
responsibilities? Data gathered indicate that we 
are still in an awkward transition period in 
which the benefits of teaching and learning with 
technology do not necessarily outweigh the 
costs. While teachers are increasingly citing the 
benefits that students derive from computer use, 
they must weigh the costs in terms of their time 
and the difficulties of managing to find ap- 
propriate software and then get adequate com- 
puter access for their students. It follows that as 
the quantity and quality of technology -based ap- 
plications increase in the schools, more teachers 
will make technology a high priority. Mean- 
while, the support provided by an effective coor- 
dinator serves to "tip the scales" for teachers 
weighing the costs and benefits of technology 
use.^ 

Jefferson County (Kentucky) provides an ex- 
ample of a districtwide attempt to provide a 
centralized resource pool of experts who advise 
and train teachers.^' This very large urban district 
(96,000 students, 5,000 teachers, 1 53 schools) has 
been expanding and refining a major technology 
initiative begun in 1984. The District's Computer 
Education Support Unit, now staffed by 22 
people, has primary responsibility for county wide 
technology training and support. In addition, the 
support unit has many other responsibilities, 
including helping schools determine their tech- 
nology needs, integrating technology into the cur- 
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riculum, and overseeing implementation of the 
state technology guidelines. To provide technical 
support, the support unit maintains a "help desk" 
that any county public school employee can call 
with a question; the help desk receives 20 to 30 
questions a day. Support unit staff have prepared 
50 independent inservice units on topics that 
range from basic computer operation, to software 
selection and use, to integrating video into 
instruction. The unit has several training rooms 
set up with appropriate equipment, where inser- 
vice workshops for teachers are held. Twelve 
Computer Inservice Teachers are employed by the 
support unit to provide direct support to teachers 
and schools (see box 4-3). This is a coveted posi- 
tion; last year the unit received 60 applications for 
two positions. In 1993, the support unit cost 
approximately $916,000 for staff operation — a 
tiny fraction (0.2 percent) of the district's $500 
million budget.^^ 

I Model Technology Schools 
and Classrooms 

A number of states and districts have set up model 
technology schools, that is, regular schools in 
which a special emphasis is placed on developing 
student skills with and through the use of technol- 
ogy. By creating technology-rich environments 
and enlisting the involvement of those teachers 
and administrators who are most enthusiastic, 
model technology sites can "pave the way" for 
other schools to follow and can yield lessons to 
guide later technology investments. These sites 
can also serve as living laboratories that others can 
visit and learn from. 



Monterey Model Technology Schools 
(MMTS) Project is one such example — a partner- 
ship between the Monterey Peninsula Unified 
School District and the California Department of 
Education.^-' The MMTS project represents one 
of six projects funded by the California Depart- 
ment of Education "to develop and validate a wide 
range of technology-based instructional and ad- 
ministrative programs, practices and planning 
procedures to be disseminated to other schools 
throughout Califomia."^'^ Although there are 24 
schools in the Monterey Peninsula Unified School 
District, only four (two elementary, one middle, 
and one high school) are Model Technology 
Schools. The four schools were selected not on the 
basis of their readiness to adopt technology, but on 
two other criteria — schools had to be located in a 
community where the demographics of the stu- 
dent body mirrored the state as a whole, and the 
schools participating had to provide a continuum 
(i.e., the elementary schools fed into a participat- 
ing middle school and then the participating high 
school). 

The project was funded by the state, and all 
teachers in the participating schools — whose in- 
terest in and familiarity with technology varied 
greatly — were asked to commit themselves to the 
project.^5 It was recognized that teachers embrace 
instructional technology use at different rates. By 
bringing together the technologically naive and 
fearful with the proficient and adventurous, it is 
possible to build a climate of mutual support and a 
culture of school technology use. It was antici- 
pated that this process was more likely to be ex- 
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BOX 4-3: Computer Inservice Teachers in 'Jefferson County • 



In Jefferson County, Kentucky, 12 computer inservice teachers (CITs) work directly with the teachers in 
the districts' 153 schools. Each CIT is currently assigned to 16 schools, a challenging load in the opinion of 
many Typical duties include: 

• talking on the phone or in person with school technology coordinators to schedule teacher training 
workshops or ensure that the pace of the school's technology S| ending is on track, 

• trouble-shooting software and hardware problems; 

• ordering equipment for schools through the district's procurement service; 

• working with individual teachers to integrate technology into their instruction; 

• working with the school technology committee and the technology coordinator to review school technol- 
ogy needs and prepare a technology plan; 

• presenting three-hour afterschool workshops for the teachers in their assigned schools; and 

• presenting all-day workshops on a particular computer topic such as HyperCard or using spreadsheets 
■n history classes. 

With so many different demands, CITs have found that they must rely on each other for expertise and 
support. CITs carry a Powerbook with an internal modem. This allows them to access the Computer Sup- 
port Unit e-mail system, and leave and receive messages for each other or their supervisors at any time. 
Although the expertise of each CIT is somewhat different, they share a core knowledge about feasible ways 
to integrate technology into instruction. As one CIT put it: 

We start with curriculum first. We ask teachers, "What do you want to do?" Then we lookto see how technology can 
accomplish it . But it always comes bauK to the curriculum first. Do you really need the technology, or have you |ust 
been sold a line' 

The CITs respect the teachers they work with and appreciate the human dimension to technology infu- 
sion. As one teacher told us 

Computer Resoi irce people are not insulting when they talk with you. And the attention and support they give you 
IS iust incredible They don't tell you what to do. they Invite you to do it They just put this little bug in your ear and walk 
away "You know." they say, "You really should try telecommunications. Take a look at this World Classroom pro- 
gram " and then ycu think. "Hmmm. This does look interesting . " The Computer Inservice Teachers set the 
stage and the environment, and then I drive myself to learn it. 

Another teacher talked about the informal process of technology Infusion that occurs within a school 

First the Computer Inservice Teachers help you And then you finally get it down and it spreads. It s exciting . Other 
teachers see you usng technology All you got to do is show what your kids are doing to another teacher They see that 
the kids are so excited and learning things and they want to do it in their class So they learn it. and the teacher next 
door comes down and snys. "NowCindy s kids are using computers; I want mine to use them too When are you going 
to show me how to do if " 

SOURCE John R MergendoHor et ai . "Case Studies of Exemplary Approaches to Training Teacheis to Use Technology.' Off:ce ol 
Technology Assessment contractoi repxjrt. September 1994, pp. 18-19 



poilablc to other .schools than selecting a school 
where all teachers are '"ready" to use technology. 

Originally funded in 1987. the first five years 
were focused on developing technology imple- 
mentation projects and training, with dissemina- 
tion activities targeted lor year six onwiu^d. 



First-year training centered on "Technology 
Awareness Days" focused around the subject 
areas of language arts, mathematics, and science, 
to provide a general overview of what could be ac- 
complished with educational technology. Gradu- 
ally, what began as a technology training program 
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At Monterey Model Technology Schools, teachers produce a 
video lor dissemination to other schools as part of the 
district's teacher training. 



evolved into instructional mentoring, changing 
the focus from broad curriculum areas and operat- 
ing skills to an emphasis on targeted student out- 
comes and behaviors. At this point, MMTS 
developed the Classroom Intervention Plan (CIP), 
which became the centerpiece of the MMTS 
technology infusion model. Each teacher or teach- 
er team develops a CIP outlining the curriculum 
emphasis (and its relationship to their school's 
planning goals and those of the California curricu- 
lum framework), the desired and measurable end 
results; the necessary hardware, materials, and 
staff development; the evaluation plan; products 
and procedures for dissemination; and a budget 
(including substitute time). In addition to hosting 
scheduled visits by interested teachers and admin- 
istrators, the Model Technology Schools provide 
three types of training and dissemination activl 
ties to teachers from Monterey and other district 
in California: 

1 . Technology Demonstration Centers. Teach- 
ers who are well-trained veterans of the MMTS 
program hold a day-long session in which they 
demonstrate their knowledge for a group of 2 to 
1 2 teachers. Topics include such things as Info- 
Trek and Telecommunications, Logo in Mathe- 



matics Courses, Using Laptops for Process 
Writing, and Using Video and Camcorders 
across the Curriculum. 

2. Technology Training Seminars. More exten- 
sive two-day hands-on training workshops are 
offered to teachers on six different technology 
configurations: Telecommunications, One- 
Computer Classroom, Laptops and Process 
Writing, Multimedia, Video, Instructional 
Television. Teams of at least two teachers from 
the same school must attend together to facili- 
tate support when they return. In addition to 
spending considerable time on hands-on explo- 
ration of hardware and courseware, participat- 
ing teachers develop an individual project to 
use in their own classrooms. 

3. Teacher Productions. The MMTS teachers 
have produced several documents, discs, and 
videos showcasing the projects they have im- 
plemented in their classrooms. These are based 
on the CIPs described above. Selected project 
descriptions and productions in the MMTS 
products catalog are shown in box 4-4. 

On a smaller scale, some schools or districts 
have chosen to start with model technology class- 
rooms instead of schools. The Integrated Technol- 
ogy Classrooms (ITC), begun in 1987 in 
Bellevue, Washington, are one such example.^ 
Under a pilot program in two elementary class- 
rooms, teachers who had demonstrated enthu- 
siasm for using computers were given a range of 
instructional technologies. The theory was that 
concentrating technology expenditures in a single 
classroom would demonstrate the value of 
technologies. 

The program has been very popular and suc- 
cessful in drawing in other teachers. The number 
of ITC classrooms has grown from two in 1988 to 
more than 60 today. The ITC teachers, each in a 
different school, have worked with colleagues in 
their buildings to model technology use and help 
teach others about it. 
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The following are examples of handbooks, software, and videos produced by Monterey Model Technolo- 
gy School teachers to illustrate technology activities they have used in their classrooms. 

Minds in Motion 

A series of learning activities for the elementary clafDbroom using LogoWriter™ and Lego® logo kits in 
cooperative learning groups. 

Integrating Teclinology into ttie California Writing Project 

This guide stands as a roadmap for teachers who wish to enhance the writing process through the use 
of instructional television, video, and computer technology 

Into tlie Eye of ttie Atom 

This physical science unit has been developed to assist students in visualizing and conceptualizing the 
structure of atoms and molecules using laser, video, and computer technology. 

Database of Dietary Chioice 

A guide to creative uses of databases and spreadsheets in the home economics curriculun-i. 

Ttie Whiole CAKE: Computers Assisting Kids in Education 

A team of elementary teachers developed this integrated, technology-based instructional model to help 
students improve their oral and written expression, increase exposure to quality literature, develop good 
handwriting skills, and improve the quality of television viewing. 



This model was developed as a means of creating motivating language arts experiences in a schcol-to- 
home format for elementary students. Its focus is on English language acquisition and non-English-speak- 
ing parent education. It includes reading, listening, viewing, speaking, and writing activities related to the- 
matic units in literature and science (available in English or Spanish). 

An Integrated Approacti to Geometry Using Manipuiatives, Robotics, and Computers 

This collection of classroom learning activities was developed to meet the needs of middle school stu- 
dents facing difficulties m mastering geometric concepts. 



This kit provides teachers with a model for developing units thai intensify student interest in civics and 
economics and enhance cooperation in teamwork settings 



This resource outlines planning, buildmg and management of video libraries to enhance the instructional 
process in a secondary arts program. 

SOURCE Cililornia MoLfei TciChiinlnqy Sclioois F•'^o|L■^^l- Monterey tOO.S 
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I Giving Every Teacher a Computer 

Although this strategy is still quite rare and exper- 
imental, some schools and districts are giving 
each teacher a computer to use as a personal and 
professional productivity tool. As discussed in 
chapter 2, computers can help teachers carry out 
many aspects of their job, such as keeping records, 
updating lesson plans, and constructing tests. The 
rationale is that as teachers begin to see direct 
benefits from technology, in terms of saving time 
or expediting routine tasks, they will become 
more motivated to learn about computers. And as 
teachers gain confidence with and understanding 
of computers and related technologies in *.heir 
own work, they may begin to experiment with us- 
ing technologies with their students. While some 
training is still important in this strategy, the real 
learning is believed to come from giving teachers 
unlimited access to the technology (and potential- 
ly more time on the equipment), new motivation 
for learning to use it, and a community of peers 
who are trying to master the same tools. Because 
teachers do much of their planning and paper work 
at home, some sites allow teachers to take their 
computers home routinely or keep them there; 
others provide laptop computers they can carry 
back and forth. 

One innovative program that uses this strategy, 
and is sponsored by the Indiana Department of 
Education, is called A Computer for Every Teach- 
er (CET). Begun in 1990, CET made competitive 
grants to four small schools on the basis of propos- 
als. Participating schools had to assure that all 
teachers and other professional staff in the school 
would participate. Every teacher in the funded 
schools received a computer and printer for use at 
home or in school, as they saw fit. The program 
aimed: 

. . .to improve teacher productivity and en- 
hance teacher professionalism with the long- 



range goal of improving student performance. It 
is based on the beHef that teachers are informa- 
tion-age professionals who should be using con- 
temporary technology to accomplish their work. 
By using such technology, their personal pro- 
ductivity will improve and, consequently, so 
will their instructional efforts and impacts in the 
classroom.^'' 

CET program grants co\ ered training that fo- 
cused on basic computer functions and software 
selected by each school. Training at all sites in- 
cluded basic elements of wordprocessing, graph- 
ics, spreadsheets, and databases; most teachers 
were also taught how to use a gradebook program. 
Participants viewed the requirement to involve all 
professional staff as an important component of 
the program; "everyone means teachers, adminis- 
trators, and support staff, all working together on 
the same tasks of mastering computers and soft- 
ware. "^^ 

This formal, public commitment also gave le- 
verage to the coordinators when it was time to 
train the school staff. While there was some reluc- 
tance — and training did not turn around every 
teacher — almost all teachers and administrators 
learned how to accomplish some basic functions 
on the computer. An outside evaluation of the 
project two years after it had been implemented in 
the four sites concluded that the program was 
highly successful in meeting its goals and helped 
teachers improve their productivity, enhance their 
sense of professionalism, and increase individual 
and institutional esteem.^^ (See box 2-6 in chapter 
2.) 

Results of another experiment in Utah, the 
"Lifestyle Change" Project, indicated that teach- 
ers are highly motivated by the opportunity to 
have a computer of their own. Recognizing the 
drawbacks of training teachers to use technology 
that is only sporadically available to them, this 
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project put a computer in tlie liands of all teachers 
and administrators in Utah's Morgan School Dis- 
trict. To qualify for a computer, which could be 
used at school or at home, teachers had to 
complete a comprehensive program of training, 
including a course introducing Macintosh hard- 
ware, a gradebook package, word processing, 
graphics manipulation, a program for developing 
classroom tests, HyperCard for software author- 
ing, and a course on videodisc/CD-ROM. Teach- 
ers were also required to complete a portfolio of 
computer-generated materials such as grade- 
sheets, worksheets, HyperCard stacks, videodisc 
lessons, and word-processed documents. 

An outside evaluation of the Lifestyle Change 
Project concluded: 

The "Lifestyles" Project of the Morgan 
School District has succeeded in enlisting the 
active involvement of 84 out of 86 potential par- 
ticipants. From the results of a written question- 
naire, a series of interviews, onsite observations, 
and an examination of individual assignments 
completed, the Project receives high marks for 
both involvement and attitude change. Along a 
number of dimensions. . .this has the earm;irks 
of being a superior project. 

I Training Administrators 

Research on the adoption of innovations in 
schools consistently points to the key role of ad- 
ministrative leaders in successful implementa- 
tion. Involved and supportive superintendents arc 
central to districtwide reform efforts, and princi- 
pals arc key to implementation within the school 
building.^' OTA has consistently found that 
when administrators are informed about and 
comfortable with technology, they become key 
players in leading and supporting technology 




Including principals in school-based technology training 
means they will be informed and comfortable with the 
technology, and more likely to provide leadership and support 
lor schoolwide technology use. 



integration activities in their schoolsJ^ Some 
technology implementation efforts are building 
on these lessons by including principals or other 
key administrative staff in training opportunities 
offered to teachers. 

One approach is to include principals in school- 
based teams chosen to receive intensive training 
in technology use. For example, the Apple Class- 
room of Tomorrow Teacher Development Center 
Project looks at the commitment of the principal 
when selecting teacher teams for training. Not 
only are principals encouraged to attend portions 
of the training program with the teacher team, but 
they also must commit to the following condi- 
tions: release time for teachers to attend project 
training sessions, time for teachers to meet and 
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plan each day, time for teachers to reflect on prac- 
tice, and acknowledgment of the importance of 
their teachers' efforts to the rest of the staffJ^ 

Since 1990, Indiana has sponsored a statewide 
training program specifically for principals. In its 
first two years, the Principals' Technology Lead- 
ership Training Program served almost 400 Indi- 
ana principals.^'* Over the course of a year, each 
principal takes four days of professional training 
with other principals at a central site. By schedul- 
ing sessions at different points in the year, the pro- 
gram built in time for principals to go back to their 
schools, practice what they learned, and taUc to 
staff and better define what they needed and 
wanted. In the workshops, principals learned 
about a broad range of technology and software 
available for classroom and office use and had a 
chance for hands-on exploration of a large collec- 
tion of equipment. 

Participating principals have been very enthu- 
siastic about the Technology Leadership Program. 
In addition to reporting that they felt more confi- 
dent and credible in dealing with technology, and 
better able to use technology for administrative 
tasks, participating principals said they were more 
capable of creatively using capital project funds, 
writing grants, or justifying expenditures to 
school boards. After the training, many principals 
conducted training for their teachers: others re- 
ported that they were better equipped to think 
comprehensively about the technology in their 
schools and how best to use it. Principals rated an 
update session, held the following year, as very 
valuable, and most principals endorsed the need 
for some kind of ongoing "refresher programs." 

Although there are no systematic data on the ef- 
fects of training principals, the Apple Classroom 



of Tomorrow (ACOT) and Indiana examples dem- 
onstrate the feasibility and importance of enlisting 
principals in the diffusion of technology in 
schools. 

I Establishing Technology 
Resource Centers 

Some states and districts have established tech- 
nology resource centers where teachers can ex- 
periment with different hardware, try out software 
programs before buying, consult experts, and re- 
ceive training. For example, Calcasieu Parish 
Schools in Lake Charles, Louisiana, established a 
district "Tech Center" that offers training on dif- 
ferent technologies, a satellite dish to receive or 
record educational teleconferences, and online 
computer access to a library of over 100 current 
periodicals and other resources. The center re- 
mains open until 7 p.m., three nights a week, and 
is open on Saturday momings.^^ 

Texas supports 20 Regional Education Service 
Centers (RESC) that provide a wide range of ser- 
vices to school districts in their region on a variety 
of educational issues, including technology .^^ Al- 
though RESCs receive operating funds from 
many different budgets, the Texas Education 
Agency distributes $6 million a year to RESCs 
specifically to support technology initiatives. 
Each RESC has considerable flexibility in the way 
funds are used but is expected to carry out the fol- 
lowing activities, at a minimum: 1) maintaining a 
Technology Preview Center where district per- 
sonnel can "investigate and select technologies 
appropriate to meet local needs;" 2) helping dis- 
tricts train teachers, administrators and other staff 
in technology-related topics; 3) training first-year 
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teachers in technology use; and 4) disseminating 
material from the Texas Center for Educational 
Technology. (See box 5-3 in chapter 5.) 

A typical RESC has at least one training room 
equipped with computers, all with connections to 
TENET, the statewide computer network for 
teachers. Some of the computers also have net- 
work connections to the Internet. (See box 3-4 in 
chapter 3.) This room or an adjacent room general- 
ly serves as a Preview Center. RESCs purchase 
software and hardware for the center, and several 
software publishers provide copies of their prod- 
ucts to each center at no charge. Most RESCs offer 
a continuous series of workshops, seminars, and 
training sessions on various topics related to 
technology use in schools; teachers are the prima- 
ry users of these staff development activities. 
Larger RESCs have as many as five or six staff 
who work full time in the technology area. 

LESSONS ABOUT TECHNOLOGY 
IMPLEMENTATION 

Based on OTA-contracted case studies and site 
visits, and a number of other research and evalua- 
tion studies, OTA has drawn some lessons about 
how to foster effective use of technology by teach- 
ers in K-12 schools. Sites that have made technol- 
ogy a priority, such as those described above, 
provide lessons about how to implement new 
technologies, how to make decisions about ac- 
quisition and investment in technologies, and 
what kinds of support can help teachers use 
technology effectively. Leadership necessary to 
infuse technology comes from many sources: the 
state, the district, and the individual school (see 
box 4-5). Ideally, all these work together to sup- 
port the teacher's efforts to learn about technology 
and use it to meet classroom goals. 



I Key issues for Investing in Technology 
Access 

Several factors seem to be essential for making the 
best use of hardware and software in schools. The 
first condition is ready access to hardware and 
software. Access cannot be assessed simply by 
looking at the numbers — how much hardware and 
software a school owns tells you little about its ac- 
cessibility. To be accessible, technology must be 
readily available for teachers to use when they 
need it: 

. . .not simply for uses that can be predicted 
in advance and squeezed into a fixed time slot. 
For example, teachers are far more likely to use 
video for instruction when the choice and timing 
are under their control. Similarly, teachers and 
administrators are less likely to use telecommu- 
nications networks when they must go to a re- 
mote location to do so. Nor can students exploit 
the full power of word processing if they must 
wait for their daily or weekly scheduled time in a 
lab." 

Read> access to equipment is also a precondi- 
tion for teacher training. It is extremely frustrating 
for teachers to learn to use technology in a work- 
shop, then return to a classroom that does not have 
it. Some have experimented with postworkshop 
"Try and Buy" programs that supply teachers with 
necessary equipment for four to six weeks or so, to 
enable them to become more familiar with a 
technology before the school decides whether it 
wants to buy it. Schools are trying to increase 
teacher access by letting them take equipment 
home. 

Access also requires keeping hardware and 
software in up-to-date working order. For schools 
to incorporate technology into their program in a 
meaningful, long-term way, they must recognize 
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BOX 4-5; State Planning fo? Technology: The New Jersey Experience 



The State of New Jersey provides an interesting example of the planning process involved in bringing 
technology into K-12 schools, and how that process has evolved over time. 

In 1986, the New Jersey Department of Education developed Educational Technology in New Jersey: A 
Plan for Action, which outlined the department's role in helping districts develop policies, practices, and pro- 
grams to increase student learning through computers and other forms of educational technology. It was rec- 
ognized that changes in technology would probably necessitate a new plan within a few years. In 1991 New 
Jersey Commissioner of Education John Ellis initiated a process for developing a statewide long-range plan 
for educational technology, an idea reinforced by the Quality Education Commission of New Jersey. In Febru- 
ary 1 992, the Department of Education formed a 60-member task force composed of individuals representing 
school districts, higher education, business and industry, research laboratories, museums, libraries, govern- 
ment and community agencies, and other major educational stakeholders. The task force produced the sec- 
ond version of Educational Technology in New Jersey: A Plan for Action, completed in 1 993. 

The vision outlined in the 1 993 plan is a bold one: "All New Jersey students will be able to use the tools of 
educational technology effectively, holding in their own hands the means to shape their own destinies."^ The 
outcomes envisioned in the plan include the following: student access to learning technologies, high-quality 
professional development and training for educators, multimedia worKStations for all teachers, online access 
for administrators to gather and report data, school facility retrofitting to integrate technology throughout 
school operations, and equitable funding to each school district through a technology entitlement that pro- 
vides funding on a per pupil basis each year to districts with an approved technology plan. 

The overall plan has four broad "action plans" that were slated to be fully in place by 1997. These action 
plans are- 

• Building Educational Leadership-. "To establish coalitions of key stakeholders" that will build on the 
state's human, capital, and corporate resources and provide vision, leadership, and support to imple- 
ment local technology plans. 

• Preparing Educators for New Roles: "To provide educators with ongoing, accessible educational 
technology preservice and inservice professional development opportunities that prepare them for new 
roles as facilitators of the learning process and improves instruction and learning." 

• Modernizing Learning Environments: "To provide leadership with financial and legislative support to 
restructure the educational environment in school facilities" by constructing a voice, video, and data 
communication network in each school. 

• Developing Networks and Technology Infrastructure: "To provide vision, leadership, and support in 
the construction of statewide voice, video and ^ata networks" to deliver timely resources and integrate 
data management among districts, other ngencies, and the Department of Education. Networks will be 
governed by a coordinated organization with representation from public schools, libraries, vocational- 
technical centers, community colleges, four-year colleges or univerjities, government, and industry. 

The second action plan, dealing with professional development, has five primary objectives. 

• Establish a network for professional development with collaboration o! K-12 education, higher educa- 
tion, and the private sector 

• Provide statewide support for ongoing, ciccessiblo staff development opportunities to integrate educa- 
tional technology into instruction 

• Provide resources to prepare educators for new roles, including the establishment of educational 
technology training and support centers 
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BOX 4-5 (cont'd.): State Planning for Technology; The New Jersey Experience 



■ Collaborate with higher education institutions and classroom practitioners to develop and provide 
educational technology preservice opportunities. 

■ Prepare educators to use technology to acquire more detailed knowledge about student performance. 

The implementation of the overall plan has been contingent on appropriations provided by the state 
legislature. Five funding recommendations were proposed for the state legislature: 

■ appropriate $50 per pupil for every full-time K-12 student in New Jersey public schools— roughly $60 
million — and renew annually to keep the technology current; 

■ appropriate a one-time investment of approximately $8 million to fund development of a statewide fiber- 
optic telecommunications network capable of carrying voice, video, and data transmissions; 

■ provide an annual $1 billion appropriation to provide financial incentives, such as low-interest loans, to 
districts for construction and retrofitting projects to support technology infusion; 

■ create a "megasystem" for data management to streamline administrative tasks and increase commu- 
nication between districts, agencies, and the state, at an estimated cost of $30 million over three years, 
and 

■ appropriate funds for technology modeling incentives to develop and demonstrate exemplary uses of 
educational technology at a cost of $5 million the first year, $1 0 million the second, and $1 5 million the third. 

The State Board of Education was encouraged to take a number of actions, including; 

■ requiring student performance proficiencies with the new and emerging technologies. 

■ requiring provisions for new and emerging technologies in new construction and retrofitting plans, and 

■ requiring staff training in technology be included with all technology purchases made by districts. 
Recommendations were also made to the State Department of Education: 

■ create aclearinghouseof educational technology resources, accessible to the entire education community, 

■ provide technical assistance for the effective use of technology in the instructional process, and 

■ provide leadership in constructing and developing a statewide network and interagency data manage- 
ment system. 

Local Education Agencies (districts) were encouraged to- 

■ develop and implement a multiyear technology plan; 

■ designate a technology coordinator for the district; 

■ designate funds for the purchase and maintenance of technology, and for professional development in 
technology use; and 

■ develop, approve, and implement a board policy on the infusion of technology into the curriculum and 
school operation. 

Despite the extensive planning, assignment of responsibilities and attention to detail, political realities 
have made it difficult to carry out the plan as envisioned. The major barriers have been fiscal constraints 
and changing political administrations, which has meant re-submitting proposals many times over and sub- 
sequently losing valuable time. Two years ago, budget constraints led to a reduction in the staff of the state 
Educational Technologies Office from 1 1 to two. Governor Christine Todd Whitman's austerity program has 
also trimmed the budgets of most state agencies considerably Nevertheless, the Educational Technologies 
Office has been able to maintain its efforts on a limited budget, and this year was granted a $500,000 
appropriation with which to begin implementation of the technology plan. 
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that there will be considerable costs. Technology 
must be repaired, upgraded, and replaced. In addi- 
tion, seemingly small but ongoing costs— paper, 
printer ribbons, discs — have been known to crip- 
ple some technology initiatives. Schools must 
not view technology as a one-time investment 
but must budget for maintenance, upgrading, 
and replacement costs. 

Instructional Vision 

A second factor related to equipment that schools 
should consider is the suitability of particular 
technologies. Available technology must be 
suited to the educational goals for which it is in- 
tended. Investments should not be made in 
technology for its own sake, but because it facili- 
tates or extends instruction. This requires that a 
well-defined instructional vision should pre- 
cede the technological one; teacher involve- 
ment in defining this vision is essential. 

Most successful districts and schools have 
spent considerable time and effort planning for 
technology infusion before purchasing and dis- 
tributing equipment. Often states or districts re- 
quire individual schools or classrooms to develop 
a technology plan. The planning process requires 
people to think through the reasons for the 
technology before they buy it. It also helps to as- 
sure that sound educational reasons guide tiie 
technology decisions, instead of technology dri\ 
ing the educational process. Furthermore, the 
planning process brings people together and re- 
quires them to consider technological and instruc- 
tional priorities. Although the resulting written 
plan affords a useful guide, it should be seen as a 
starting point, subject to rc\'ision overtime. None- 
theless, it is the process itself that animates indi- 
viduals, focuses their attention on instructional 
goals and technology's role in meeting them, and 
supports cultural changes in technology use. 



Plans should not be ironclad; they should make 
it possible to revise or adapt as the implementation 
process proceeds. Lessons can be learned, and 
some parts of programs can be imported or 
changed. Sites have learned that they need to be 
flexible and encourage experimentation and shar- 
ing. They have found that they have to expect to 
change and update their plans as the program 
evolves, as teachers gain expertise, and as 
technologies and applications advance. 

Sustainabilty 

Programs have found that it is extremely im- 
portant to think about continuation of the 
technology program from the beginning. Al- 
though seed money can get things started, a suc- 
cessful program will need to think about how 
technology use can be built into the continuing 
culture of the school. Research on organizational 
change has suggested that for innovations to be 
built into the organization on a regular and perma- 
nent basis, adjustments must be made in at least 
five ways: 

" new practices must be codified as rules: 

■ curriculum must be revised to accommodate 
the innovation; 

■ training programs must be established for new- 
comers to the district; 

■ evaluation procedures have to reflect the new 
practice; and 

■ project-related activities must be supported as 
line items in the regular district budget.^^ 

I Key Issues for Investing 
in tfie Human Resources 

Once a site has accessible technology suited to its 
particular purposes, what else is needed? Perhaps 
the most central lesson from successful imple- 
mentation sites is that those who wish to invest in 
technology should also plan to invest substantial- 
ly in human resources. For every investment m 
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hardware or software made, there should be a sub- 
stantial investment in human resources, through 
expenditures for training, technical support, 
maintenance, and time to learn to use the 
technology. 

Life cycle cost models from business and in- 
dustry support the critical role of training and 
support. These models suggest that hardware 
and software reflect approximately 30 percent 
of the total system cost over the technology's 
life cycle. Too often funding initiatives ignore 
the entire set of funding components and focus 
on hardware and software. And yet, experience 
has shown that only by addressing the other 
components, as well as the hardware and soft- 
ware, will the technology expenditures be suc- 
cessful. This is most particularly true of the staff 
development cost component. . .Teachers need 
extensive and on-going training not only in how 
to use technology, but how to fully integrate it 
into their curriculum, instruction and assess- 
ment practices.^' 

Redefining Training 

Some of what teachers can do with technology can 
be learned on their own through experimentation 
and self-instruction. But there are other things that 
teachers can learn best by attending a workshop or 
watching an experienced teacher. A good staff de- 
velopment program will have opportunities for 
both types of learning. 

"Hands-on" training with technology is more 
than a gimmick or motivator; it is a necessity. 
Teachers must have the chance to make the com- 
puter (or camera or whatever) work and gain con- 
fidence in their own competence before trying the 
same thing with their class. Moreover, the differ- 
ent types and applications of technology will re- 
quire different amounts and kinds of training, 
support, and mentoring. For example, learning to 
use a telephone voice-mail system for communi- 
cating with parents and teachers is likely to require 
less training than learning to create multimedia 




In workshops, teachers have opportunities to explore 
different technologies in ways that can be transferred to 
the classroom 



lessons using HyperCard and a videodisc player. 
There is no one generic course or workshop that 
can effectively teach teachers all that they need to 
know about technology. 

There is abundant evidence that "one-shot" or 
short duration training programs have little im- 
pact. Teachers need time to learn, plan, try things 
out, reflect on their successes and failures, revise, 
and try again. This takes time — months, if not 
years. 

hicentives like providing release time for 
teachers or paying them for staff development can 
increase the participation of teachers in good staff 
development programs. But release time can be 
problematic. Many teachers want to minimize the 
amount of time they spend outside their class- 
rooms (and find the job of preparing plans for sub- 
stitutes a time-consuming task). Some sites have 
tried to find creative and low-cost approaches to 
release time, such as conducting inservice activi- 
ties onsite and having a teacher from the building 
as instructor (sec box 4-6). 

Staff development is most effective when it is 
individualized. This means matching learning op- 
portunities to the needs of specific teachers so they 
can choose what they need to know, how they 
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■BOX 4-6: SuperSubs: Making It Easier To Le^rnAbout Technology 



When teachers leave the classroom, they usually prepare lesson plans for the substitute teacher (sub) 
who will take their place. Because the regular teachers are trying to guide a stranger into the instructional 
routines that are second nature for them, the sub release lesson plans are often much more detailed and 
take more time to prepare than a regular lesson plan. In the Monterey Mode! Technology Schools (MMTS), 
this caused a problem: teachers didn't want to take the time to be trained in technology use because each 
time they left their class to visit other classes or attend training sessions, they had to labor over lesson 
plans for their substitutes. But without the training, they couldn't use the technology 

The MMTS staff sought a "turnkey" solution: a generic substitute teacher who could come into a class 
with a minimum of preparation required of the teacher who was to be released. Since the project was about 
technology, they thought it would be appropriate if the substitute provided technology-based learning ex- 
periences while their regular teacher was also becoming more proficient in technology use. Another con- 
cern was that of cost. If considerable substitute activity was to be central to the training model, the substi- 
tute service had to be cost-effective. 

Thus was born the "SuperSub Service," a strategy that enabled MMTS staff to continue to individualize 
the staff development assistance they provided while reducing the burden teachers experienced when pre- 
paring for a substitute. Briefly, this strategy: 

■ provides for weekly release time for teachers during the work day (ranging from 45 to 270 minutes), 

■ removes the necessity for teachers to prepare lesson plans for the substitute teacher: 

» provides a technology-enhanced problem-solving, critical-thinking skill development lesson aligned 
with the district curriculum for each SuperSub to deliver; and 

■ provides the teacher with written feedback about the SuperSub's lesson as well as a followup activity. 
To maintain continuity and lower the cost, the SuperSub Sen/ice is staffed by four Monterey district 

teachers and administrators who elected to take early retirement. All district teachers who elect to retire 
before the mandatory retirement age are required to contribute 30 days of work to the district each year for 
three years. By drawing on this network of early retirees, the MMTS Project did not exacerbate the existing 
difficulty district schools have in finding qualified substitute teachers, and released the funds that would 
have been spent on substitute teachers for other purposes. 

SuperSubs are equipped with an Apple portable computer, a LCD projection device, a notebook of les- 
son plans and suggested followup activities, necessary supplies such as scissors and crayons, and a 
letter the SuperSub can use to describe what went on while the regular teacher was away A schedule of 
SuperSub visit days is established at the beginning of the school year. The schedule lists both the days 
SuperSubs are available and the staff development activities teachers can participate in on those days. 

If the demand foi SuperSubs is evidence of the program's effectiveness, this approach to provide re- 
lease time for teachers is an effective one. Between the second and third year of the program, use of Su- 
perSubs doubled, while use of full-day regular substitutes and afterschool training sessions declined. Proj- 
ect funds originally allocated for full-day substitutes were reallocated to additional instructional materials or 
attendance at technology conferences. Increasingly, teachers are using the SuperSub service as an oppor- 
tunity to share their skills with their school colleagues or observe how their colleagues teach their classes. 
Teachers appreciate that their own professional development activities can be scheduled within the school 
day at a time they choose They also like the continuity the SuperSub service provides— the same Super- 
Sub returns several times over the course of the year and gets to know the students and the teachers, 
making the substitute teacher experience n mort;' positive one for everyone involved 

SOI iRrf Jiil'n R l/iTijc'ixki'iL'i c'l ,r . C;i'jU Slud o1 LxL'nipijiy Appioacheb lu rtj.ivug li-iicher^ lu Ueu Technoloyy Ollicu ol 
Techno ug/ A;.'oeoG'nenl coiMiiiclor report. September 1994 
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wish to ieam it, and the time frame in which they 
will learn it. This matches the "just-in-time" train- 
ing models increasingly adopted by business and 
industry. 

FoUowup support and coaching after the 
initial learning experience are essential to ef- 
fective staff development. Teachers cannot 
"learn all" they tried at a training session, even if it 
extends over several weeks. When they return to 
the classroom, the unexpected inevitably hap- 
pens. At this point, teachers need to be able to ac- 
cess technical assistance and support. Some sites 
structure courses so that they meet periodically 
through the year or for a month or two, rather than 
one or two long days. Participants can try out new 
skills, practice, then come back to class and dis- 
cuss or refine their approaches. During teachers' 
initial efforts to integrate technology into the 
classroom, it helps a great deal to have support im- 
mediately and continuously available. Increasing- 
ly, schools are finding that electronic networks 
linking participants with instructors and each oth- 
er provides a resource for continuing support. 

Technical and Pedagogical Assistance 

Because districts, schools, and teachers vary 
widely in their "technological readiness." most 
successful sites have found that they need to pro- 
vide a variety of resources and supports such as 
those described in this chapter. Some kind of 
onsite technical support — someone to set up, 
trouble-shoot and fix the machines — is usually 
necessary. 

However, sites are increasingly realizing that 
it's not just technical expertise that is required of 
good support resource personnel. Some technolo- 
gy-using educators are arguing that a new kind of 
professional is needed in schools — conversant in 
the technical issues but also experienced and 
knowledgeable about teaching methods, curricu- 
lum, students, and instructional design. 

Although most sites have made significant 
progress in helping teachers learn to use generic 
tools such as word processing, graphics, and desk- 
top publishing, many are struggling with how to 
integrate technology into the curriculum. Sup- 



porting teachers in their efforts to integrate 
technology throughout their teaching is central 
if technology is to become a truly effective 
educational resource, yet true integration is a 
difficult, time-consuming, and resource-inten- 
sive endeavor. In many places technology is 
treated as a content area separate from the basic 
curricular areas. Students and teachers are ex- 
pected to become skilled in using technological 
tools. Yet few resources and expertise are avail- 
able to help teachers put the technology to work in 
delivering curriculum in traditional content areas, 
such as English, math, or social studies. Learning 
to use the hardware and master the software tools 
is not enough; learning how to teach with 
technology — harnessing the tools for instruction- 
al ends — is a much more complex and lengthy 
process. 

If the goal of using technology is to change how 
teachers teach and how children learn (for exam- 
ple, adopting more cooperative learning or more 
student projects), then teachers will need support 
and training to learn new pedagogical methods as 
well. More technology or more use of technolo- 
gy will not be sufficient to assure other innova- 
tions or reforms. As discussed above, teachers 
and administrators also should have a shared 
educational philosophy and a shared vision of 
how technology can facilitate that philosophy. 

To get going, many technology programs have 
had to rely on a few particularly eager and dedi- 
cated teachers in a school. Hov^ever, burnout can 
also be a real problem for these teacher-innova- 
tors, who are actively exploring technology 
resources, trying to keep up with new develop- 
ments, and helping their colleagues. If a site truly 
wants to encourage its expert teachers to help their 
colleagues, these individuals could be compen- 
sated and recognized for their efforts. 

Although enthusiastic individuals may help 
spark technology efforts, experience suggests that 
schools should not rely exclusively on a small 
cadre of "gurus." As a long-term strategy for 
continued technology use, expertise should be 
shared among multiple individuals at a single 
site. It is easy for a school to fall backon atechnol- 
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ogy guru who knows how to fix computers when 
they don't run and can suggest new strategies for 
using technology. But technology gurus may 
move to a new school, leaving the original school 
without a resource. Training multiple individuals 
increases the chances that expertise will remain. 

Furthermore, students can be effectively 
tapped as resources to help teachers with 
technology. At some sites, teachers bring a stu- 
dent or two along to workshops or other learning 
experiences. They are eager, available, and "free" 
(see chapter 2). Some knowledgeable students be- 
come great resources for the teacher. However, 
this requires a teacher comfortable with letting 
some of the expertise reside with the student. 

Incentives 

Programs that seek to involve a large number 
of teachers should identify incentives that en- 
courage teachers to use technology. Many 
teachers will not be motivated by the mere pres- 
ence of more technology in their classrooms, but 
they can be motivated by a concrete vision of how 
it can help them meet their instinctional goals. For 
example, encouraging teachers to find their own 
favorite uses of technology or develop specific 
areas of expertise can be an effective long-term 
strategy. As noted above, putting technology in 
the hands of teachers can be a good motivator for 
teachers. Some districts have given teachers com- 
puters as a "reward" for undertaking training. 

Sites also have found that they may have to ac- 
cept that some teachers will never really become 
interested in using technology. An alternative ap- 
proach is to focus on gaining the interest and ac- 
ceptance of a critical mass of teachers. For 
example, the technology coordinator in Bellevue, 
Washington, described three types of teachers: 
about 10 percent are the self-taught enthusiasts, 
highly motivated, who will try anything; about 60 
percent are those making "hesitant progress," who 



like to take the classes and want to participate in 
technology in classrooms; and about 30 percent 
are resistant, don't take the class, or come only to 
get specific help with a particular problem. To 
reach this last group, Bellevue has encouraged 
more onsite inservice activities, conducted by a 
teacher in the building.*'^ 

Administrative and Community Backing 

The role of the principal is crucial in promoting 
school technology use. Similarly, for teclmology 
to become diffused across a district, leadership by 
the central administration, especially the superin- 
tendent, is critical. These findings are supported 
by the organizational change research, which has 
consistently found that change efforts do not 
succeed without active administrative leader- 
ship, particularly by principals. Research has 
shown that leaders perform four important tasks: 
"(a) obtaining resources, (b) buffering the project 
from outside interference, (c) encouraging staff, 
and (d) adapting standard operating procedures to 
the project."^' 

Community support and understanding of 
the goals of technology use are also critical. 
Lessons from experienced sites indicate that with- 
out community support and buy-in, many new 
ideas fail to take hold in schools. Teachers and 
school administrators can educate and convince 
the community of the necessity and importance of 
their particular educational vision. As one noted 
researcher writes: 

An essential partner in any kind of education- 
al regimen is the community, represented by 
many individuals ranging from respected elders 
to powerful business people and officials 
elected at the local and the national levels. In the 
United Stales today, probably the most impor- 
tant agents of change in the community are the 
parents, in their dual roles as advocates for their 
children and citizens of the society. . .If ; .e 
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community fails to support the desires and stan- 
dards of school people, the educators are des- 
tined to fai\P 

I Conclusions About the 
Process of Implementation 

If there is a single overarching lesson about the 
process involved in these efforts it is that effective 
technology implementation takes more time 
and effort than many anticipate when first un- 
dertaking technology initiatives. Based on the 
experience of sites visited for this report, and re- 
ports in the literature, it appears that five years 
may be an appropriate time frame for large-scale 
technology infusion. Change is not sudden and 
dramatic; it takes hard work on the part of many 
people over time to see the benefits of these en- 
deavors. 

None of the schools or districts portrayed here 
has experienced a smooth or uncomplicated proc- 
ess of technology training and implementation. 
Changes have been continually necessary to over- 
come unforeseen obstacles, such as staff reassign- 
ments, delays in equipment delivery, gaps 
between technology knowledge and utilization, or 
budget cuts, or to capitalize on unexpected suc- 
cess. State, district, and school-technology staff 
have continually revised their technology imple- 
mentation plans based on evaluation results or un- 
expected events. 



Some sites have found that small efforts that fo- 
cus on one educational need or goal can be an ef- 
fective way to get started using technology. For 
example, technology implementation in the Mon- 
terey Model Technology Schools was instituted 
one classroom at a time, based on the teacher's 
Classroom Intervention Plan. Similarly, at Web- 
ster Elementary School in St. Augustine, Florida, 
teachers with expertise in a particular application 
became the role models for their colleagues. By 
staying small and focused, specific goals can be 
addressed and successful outcomes are more like- 
ly. Initial success engenders enthusiasm, interest, 
and confidence, which then begets more success. 

Evidence clearly indicates that when condi- 
tions are right — resources, time, and support are 
high — exciting things happen in technology-rich 
school environments. A key issue today is how to 
disseminate broadly the lessons of certain 
schools. How can the technology tools and knowl- 
edge be shared with schools whose resources are 
not as rich? Or when teachers are not as enthusias- 
tic, energetic, or motivated? Who can help to sup- 
port states and districts in promoting and 
disseminating successful strategies (see chapters 
1 and 6)? Future efforts should focus on better and 
more comprehensive dissemination strategies and 
on ways to seed more projects in more challenging 
school environments. 



Howard (lardncr, The Un.uhoolal Mind (New York, NY: Basic Books, I'WI ). p. 255. 
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SUMMARY OF KEY FINDINGS 

■ The need to prepare new teachers to use technology effectively 
is beginning to receive more attention in state certification 
standards for teachers, in accreditation standards for colleges 
of education (COEs), and in various efforts to reform and up- 
grade teacher education. State policies and leadership still vary 
widely, however, as does the extent of attention to technology 
in teacher preparation programs. Moreover, there has been 
little incentive to link reforms in colleges of education with re- 
form of K-12 schools. 

■ Technology is not central to the teacher preparation experience 
in most colleges of education. Consequentl>, most new teach- 
ers graduate from teacher preparation institutions with limited 
knowledge of the ways technology can be used in their profes- 
sional practice. 

■ Most technology instruction in colleges of education is teach- 
ing about technology as a separate subject, not teaching with 
technology across the curriculum. The majority of teacher 
education faculty do not model technology use to accomplish 
objectives in the courses they teach, nor do they teach students 
how to use information technologies for instruction. Seldom 
are students asked to create lessons using technologies or prac- 
tice teaching with technological tools. 

■ Placing student teachers with technology-using teachers in 
technology-rich environments can provide valuable appren- 
ticeships and can extend the quality and quantity of "hands-on" 
technology experience for many teacher candidates. Many 
K-12 schools have better technology facilities, and more ex- 
perienced technology-using staff than do colleges of cduca- 
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tion; however, technology is not always con- 
sidered as a factor for student placements. Fur- 
thermore, schools where students do practice 
teaching may not be located near the colleges 
of education, increasing the difficulty of plac- 
ing teacher education candidates in classrooms 
with the teachers who best model effective 
technology use. 

Video can extend the range of student observa- 
tion into classrooms with the best teachers, 
wherever they are located. Whether live broad- 
casts from a classroom or tapes, they can pro- 
vide teacher education students with models of 
effective teaching and the opportunity for re- 
flection on what constitutes good teaching. 
Video can also document case studies and re- 
cord observations for teacher education stu- 
dents to discuss and reflect upon in greater 
detail after a lesson has been presented. 
College of education administrators — espe- 
cially deans — are key players in any effort to 
improve teacher preparation programs. Yet 
they are often constrained by the fact that col- 
leges and universities have not provided the fi- 
nancial support necessary for supplying COEs 
with the state-of-the-art equipment needed for 
preparing their graduates. Furthermore, as in 
the K-12 schools, investments by COEs in 
hardware and software are rarely matched with 
those for faculty training and support. 
Models of change exist and can provide lessons 
for those seeking to build a bridge between re- 
form of K-12 education and reform of teacher 
education, using technology as a resource for 
change and as a solution to some common 
problems in teacher preparation. However, the 
diversified nature of teacher education makes 
dissemination of these models difficult without 
federal leadership and support. 
Technology can forge stronger connections 
among student teachers, mentor teachers in 



classrooms, and university faculty, whether 
through lab schools, professional development 
schools, or traditional student placement acti- 
vities. Students can connect to mentoring and 
information resources over great distances, ex- 
panding opportunities for apprenticeships. 

" Electronic networks can provide a safety net for 
communication, knowledge, and experience 
for student teachers in the field, as well as for 
new teachers launching their careers. The lone- 
liness and anxiety of the first teaching experi- 
ences can be mitigated through contact with 
professors and peers via electronic networks. 

■ If coverage of information technologies is to 
break out of the isolated role it plays today and 
become an integral part of the teacher education 
curriculum, several things must happen. K-12 
and university educators must work together to 
integrate technology into curriculum and class- 
room practice; teacher educators and K-12 staff 
must receive considerable technology training 
and support; models must be developed with 
technology supporting specific content areas; 
and teacher education faculty incentives must 
be revised to encourage greater use and integra- 
tion of technology for instruction. 

INTRODUCTION 

There are approximately 1 .300 institutes of higher 
education preparing future teachers in this coun- 
try. In the 1990-91 school year, nearly 100,000 
students graduated with a bachelor's degree in 
teacher education in the United States. ' In the next 
decade, the nation's schools will need to hire 
about two million teachers.^ (See box 5-1.) 

Ideally these new teachers should be able to use 
a range of technological tools to provide effective 
instruction and help their students become com- 
fortable with and knowledgeable about technolo- 
gy. The most direct and cost-effective way to 



' National Center for Education Statistics. Dii-esi ofEihiamon Smiistif, /yv.?. U.S. Dc|iartnienl of lulucatimi. OMRl. NCTS 'J.V292 (Wash- 
ington. DC: October 1993). p. 250. 

^ Ibid. 
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. BOX 5-1 : Factors Affecting the Demand for N§w Teaciiers 



The number of teachers needed in our nation's schools is greatly affected by population changes 
such as those caused by birth or immigration rates. Projections indicate that the school-aged popula- 
tion is growing. As a result, if current policies such as pupil-teacher ratios remain the same, schools will 
need about 3.3 million teachers by 2003—1.4 million more than are currently employed. Furthermore, 
the amount of teacher turnover,^ which accounts for the largest proportion of the demand for new 
teachers, is projected to increase each year between 1993 and 2000. Much of this is due to increasing 
retirement rates as the teacher workforce ages.^ Even retirement rates, however, are not predictable. 

The teaching force is unbalanced with respect to age and experience. Younger teachers— those un- 
der 35— are a smaller portion of the teaching force than at any time in the last 25 years, and half of all 
teachers are over 42, making them eligible to retire at age 55— within 13 years. An important supply- 
and-demand question is how soon these retirements will occur, and thus when replacement will be 
needed. Current retirement patterns show a strong tendency for teachers to stay until 62 or 65. If this is 
the case, then demand for new teachers will increase more slowly Budget problems in states could 
make early retirement offers very attractive — in fact, epidemic. Replrcing older teachers with younger 
teachers significantly reduces education costs, even with somewhat increased retirement costs.^ 

What about newly qualified teachers? How many of them go into teaching and for what -easons? 
About 32 percent of newly qualified teachers who were teaching in 1987 reported that they became 
teachers because they enjoyed working with children, 30 percent because they found teaching satisfy- 
ing, and 28 percent because they had always wanted to be a teacher. However, despite their training. 
28 percent of those newly qualified for teaching did not apply for a teaching job."* An examination of all 
1985-86 bachelor's degree recipients who were newly qualified teachers suggests that 58 percent were 
employed as teachers the year after they graduated, 31 percent were employed in jobs other than 
teaching, and 1 1 percent were not employed.^ 



' Defined as the number oi teachers leaving current positions 

2 National Center lor Education Statistics. Prayecf/ons of Education StMst:cs to 2003 (Washington. DC December 1992), pp 
72-76 

3 National Research Council. Teacher Supply. Demand, and Quality (Washington. DC 1 992) . pp 275-276 

''National Center for Education Statistics. Amer/caS Teachers PraWe o/ a Prafess/on (Washington. DC May1993).p 125 
5 Ibid .p 27 



educate teachers about technology is through the 
preservice education they receive in colleges of 
education or other institutions. 

What is the role of technology in current teach- 
er preparation programs? To what extent do states, 
COEs, and national bodies for reforming teacher 
education recognize the potential and importance 
of technology? How do the COEs that are leaders 
in technology approach preparation? This chapter 
seeks to address these questions. 



HISTORY AND CURRENT CHALLENGES 
OF PREPARING TEACHERS 

One of the most important tasks of society is to en- 
sure that each successive generation acquires the 
knowledge, technologies, skills, and customs es- 
sential to maintain that society. For over a century, 
the primary responsibility for carrying out this 
task has rested with the institution of the Ameri- 
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can public school — and more specifically with the 
American school teacher.^ 

The history of teacher preparation has been one 
of changing expectations. In the 17th and 18th 
century teachers — like doctors and lawyers — had 
no formal educational requirements as prerequi- 
sites for practice. Those who taught elementary 
subjects were expected to know how to read, 
write, and do basic arithmetic so they could teach 
these skills to their charges. The most highly edu- 
cated were those who taught in the private second- 
ary schools, a group made up predominantly of 
clergy. During colonial times, teacher quality was 
variable; some teachers were barely literate while 
others possessed a college degree. The importance 
of religious orthodoxy was one noteworthy 
constant. Few considered teaching their primary 
career or goal in life.'* 

In the first decades of the 19th century, the 
"common school" was established in New Eng- 
land. Common schools created a tradition of 
education that was free, supported by taxes, and 
universally available to all students. With the 
surge in students attending common schools, it 
became clear that a formal, institutionalized ap- 
proach to preparing teachers was necessary. 

Although the first documented school for the 
training of teachers in the United States opened 
under private auspices in Concord, Vermont, in 
1823,5 if fj^g development of "normal 
.schools" by Horace Mann in 1 839 that promised 
to fill the glaring shortage of qualified teachers 
and to define teacher competence. Mann's vision 
aimed for "a new kind of school, a new kind of 



profession, the principle of taxpayer support and a 
new vocation for women. With these innova- 
tions, the Lexington Normal School opened in 
July 1839. 

Although growing numbers of 19th century 
teachers attended normal schools, others took 
part-time or short courses, and some continued to 
have little or no formal preparation for teaching. 
In the Midwest and West, the line between normal 
schools and post-elementary schooling blurred, as 
the normal school became a place where pai'ents 
sent their children for a higher education, a sort of 
academy or high school rather than an institution 
for training teachers. As normal schools evolved 
into the model for general secondary schooling in 
the Midwest and West, their contributions to 
teacher training grew uneven. 

Later, when normal schools evolved into teach- 
ers' colleges and then into colleges of education 
v.'ithin larger institutions of higher education, dif- 
ferences of opinion emerged about whether the 
colleges' main goal should be the preparation of 
teachers or education theory and research. It might 
be said that normal schools evolved from single- 
goal institutions to lower-level institutions within 
the higher educational hierarchy. As one educator 
observed, "Thus, the normal school developed 
into a pale imitation of the university, doing what 
the university does, namely research, less well 
than the university, and not wishing to do well 
what it historically did — prepare teachers."^ 

Even after normal schools, and then teachers' 
colleges, had become widespread, a sizable pro- 



' Sec, e.g., James Boseo, "Sclnxiling and Learning in an Information Society," OTA contractor report, Washington, DC, .Novenibci 1 y9'4, 
■"Wayne J, L'rban, "Historical Studies of Teacher Education." in W, Robert Houston et al. (eds,), llumlhook of Research on readier Educa- 

/i();i(New York. NY: Macniillan. 1990). p, W. Sqc aho LA. Crcmln. American [itlucaiioii: The Cuhnuil Expciieucc /rtrr-/7«.? (New York, 

NY: Harper & Row, 1970). 

Richard J, Altenbaugh and Kathleen Underwood, "The Evolution of Normal Schools, " in John 1, CiocHllad ct a!., I'hicc Whcr, teachers 
Arc Taunhi (.San Francisco. C A. lossey-Bass Publishers, 1990), p. 1 M. 

'Mbid., p. l.W 

^ Urban, op. cit.. footnote 4. See also Crcmin, op. cit.. footnote 4. 
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portion of teachers still lacked much formal train- 
ing well into the 20th century; as recently as 1940, 
less than 50 percent of the teachers in the United 
States held a bachelor's degree.^ 

The education of educators has obviously 
reached higher ground in recent decades; today, 
almost all teachers (99 percent) have at least a 
bachelor's degree, and almost half (46 percent) 
have a master's degree or higher.^ Nevertheless, 
other factors bedevil teacher preparation pro- 
grams, including misconceptions about teaching 
as a profession; misinformed perceptions of the 
intellectual capabilities of teachers; and negative 
stereotypes of women and minorities, who tradi- 
tionally make up a large part of the teaching 
fo .e.io 

Teacher education programs today must ad- 
dress countless areas — usually within a time 
frame of three to four years, at best. Teacher 
education graduates not only need to be skilled in 
content, methods, cognitive development, assess- 
ment practices, pedagogical theory, education his- 
tory, technology, and classroom management, but 
they may also need to know about drug education, 
AIDS, environmental issues, social and family is- 
sues, and whatever else the public decides schools 
should handle. Although, ideally, "the mission for 
teacher education should arise out of the mission 
for schooling," the problem is that the mission of 
schooling is itself unclear; indeed, schools in gen- 
eral operate under "fragmented goals."" 

Schools have a difficult task keeping up with 
changes in what society asks of them. For col- 
leges of education to anticipate these redefini- 




Tcchnology may present an extra burden to some colleges of 
education, but many find it essential to a strong teacher 
education program. 

tions in their teacher preparation programs is 
a daunting task. 

REFORM IN TEACHER EDUCATION 

The way that new teachers are prepared is often 
under public scrutiny — in the media and press. 
as well as by educators themselves. Many colleges 
of education across the country have tried to im- 
plement reforms that address public concerns, yet 



^ Richard I. Arcnds. ' Connecting the University to School," in Bruce Joyce (cd ). Clumnin^ Scluxil Ciiliiirc Thrmnh Stuff Deychpmenl 
(Washington DC: Association for Supervision and Curriculum Development, 1990). p. 118. 

National Center for Education Statistics. Schools and Staffing in the United Stales: A Slulislical Profile. IWO-QI. OHRI. NCIiS 93- 1 46 
(Washington. DC. U.S. Department of Education, July 1993), pp 39. 42. 

Judith E. Lanier, "Choices for the Twenty-First Century: Will Universities Strengthen or Close .Schools of Education?" vol. l.XXIII.No. 
4, Phi Kappa Phi Journal, fall 1993. 

1 1 John I. Goodlad. Techno.':, vol, 2. No. 3, fall 1993. p. 5. 

' 2 Sec, e.g.. Thomas J. DcLoughry. "EDUCOM Conference I'ocuscs on Ways To Improve Teaching, ' Chronicle of Higher lUluialion. vol. 
Xl.I. No. 1 1, Nov. 9. 1994. p. A2I . Also, David L. Clark and Terry A. Astuto. "Redirecting Relbrm." Phi Mia Kappan. vol. 75, No. 7. pp. 
51. 1- .520. 
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the skepticism persists: some think undergraduate 
programs produce classroom teachers with lim- 
ited expertise in the subjects they are expected to 
teach, while graduate schools prepare specialists 
who spend little time in classrooms; others find 
the form and format of teaching in colleges of 
education antithetical to "real" learning, with 
those who prepare classroom teachers modeling 
the "chalk and talk" lectuie teaching style. Many 
observe that there is never enough time for stu- 
dents to be exposed to good teaching or for student 
teaching under the watchful eye of a competent 
supervising teacher, nor enough top-notch teach- 
ers in model classrooms close enough to the col- 
lege of education to provide enough successful 
student teaching placements. 

In November 1994, the National Commission 
on Teaching and America's Future began an 
18-month exploration of the profession. It be- 
moaned "shortfalls" and "woeful neglect of teach- 
ing" while addressing new approaches to the 
problems teachers face amid "challenging new 
education demands." The commission plans to 
"identify successful strategies to resolve teacher 
shortages, especially in urban areas and in math 
and science, as altematives to hiring unprepared 
teachers."'-^ 

Unprepared teachers are only part of the prob- 
lem. The interaction between K-12 schools and 
teacher education programs is an impoilant, gen- 
erally overlooked variable. In the words of one 
educator. 

If schools are to be good, the general and profes- 
sional education of those who teach in them 
must also be good. If teacher education is to be 
good, the schools in which future teachers re- 



ceive a significant part of their preparation must 
also be good.''* 

Colleges of education, state depai'tments of 
education, and professional associations have 
tried many approaches over time to standardize, 
improve, and professionalize teacher preparation. 
For example, the National Council for the Accred- 
itation of Teacher Education (NCATE) has devel- 
oped a "Continuum of Teacher Preparation" that 
includes quality-assurance measures in three 
phases — ^preservice, extended clinical preparation 
and assessment, and continuing professional de- 
velopment. The continuum depends upon coop- 
eration and coordination with the state education 
authorities, school districts, and other profession- 
al organizations, such as the National Board for 
Professional Teaching Standards (NBPTS).'^ 
Additional reform efforts involve developing new 
models of interaction between COEs and K-12, 
improvements in teacher certification and licen- 
sure procedures, and changes in the accreditation 
of schools and colleges of education. Technology 
can play a role in all these efforts. 

I Rallying Calls for Teacher 
Education Reform 

The release of the report A Nation atRisk'^& dec- 
ade ago brought public awareness of the quality of 
American schools to a new high: nevertheless, 
colleges of education and their professors were 
neither leaders of the charge to reform, nor consid- 
ered key elements in implementing change. Two 
major reports released in the late 1980s began to 
change this trend. The reports of the Carnegie Fo- 
rum on Education and the Economy' and the 



'3 TTie National Commission on Teaching and America's Future was created through funding from the Rockefeller Foundation and the 
Carnegie Corporation to establish "a national blueprint to determine how teachers in all communities c;m be supported and prepared to meet tlie 
needs of the 21st century classroom." 

John I. Goodlad, "The National Network for Educational Renewal," Phi Delta Kuppiin. April 1994, p. 632. 

" Arthur E. Wise, Director, Natioral Association for the Accreditation of Teacher Education, personal conimiiiiication, Nov. 9, 1994. 

I* National Commission on Excellence in Education. A Nation at Risk (Washington, DC: U.S. CJovemment Printmg OfTice, 1 983). 

"Carnegie Forum on Education and the Economy, A Nation Prepared: Teachers f«r the 21st Century (Washington, DC: 1986). 
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Holmes Group '° addressed improvements in the 
preparation of new teachers as a key link to educa- 
tional reform. In addition, the American Associa- 
tion of Colleges for Teacher Education (AACTE) 
and the Association for Teacher Education made 
efforts to codify knowledge needed by new 
teachers. 

In its 1986 report, A A^ar/on Prepared: Teachers 
for the 21st Century}^ the Carnegie Forum's Task 
Force on Teaching as a Profession — made up of 
busintsG and government leaders and union and 
school officials — called for sweeping changes in 
education policy. Among the eight recommenda- 
tions, two were specific to the preparation of new 
teachers: 1) require a bachelors' degree in the arts 
and sciences as a prerequisite for the professional 
study of teaching; and 2) develop a new profes- 
sional curriculum in graduate schools of educa- 
tion leading to a Master in Teaching degree, based 
on systematic knowledge of teaching, internships, 
and residencies in the school.^' 

Another influence for reform has been the 
Holmes Group,^^ a coalition of deans from the 
graduate schools of education at research univer- 
sities that, in 1983, began a study of ways to re- 
form teacher education and the teaching 
profession. Their 1986 report. Tomorrow's Teach- 
ersp developed a common agenda that included 
eliminating the undergraduate education major, 
strengthening and revising both the undergraduate 
curriculum and graduate professional training of 
teachers, creating new professional examinations 



for entry into the profession, and connecting 
higher education institutions to schools, through 
the development of professional development 
schools. Professional development schools are 
places where both teachers and university faculty 
can systematically inquire into and take part in 
teaching practice to improve it. 

The Holmes Group's agenda has not met with 
universal acceptance. Many educators have de- 
cried the exclusivity of the organization; other 
educators were concerned about the creation of 
one specific model of teacher preparation, espe- 
cially one that required — as the Holmes Group's 
did — a four-year liberal arts major followed by a 
fifth year of graduate study in education. Another 
sticking point has focused on problems associated 
with the content, cohesiveness, and quality of 
instruction prospective teachers receive in the col- 
leges of arts and sciences. Some have been con- 
cerned that the fifth-year model the Holmes Group 
advocates may not provide enough time for poten- 
tial teachers to take all the requisite courses, ob- 
serve teachers, participate in internships, and 
develop teaching skills in their subject matter 
specialties. 

The group's most recent report^** reiterat.j the 
value of professional development schools and 
emphasizes the need to make COEs accountable 
to their profession and to the public. In addition, 
the new report says Holmes plans to create al- 
liances with other organizations, such as AACTE 



Holmes Group, Tomonim's Tciichers: A RcjMrt of the Hotmca Croup (East Lansing, Ml; 1986). 
''^ M.C. Reynolds (cd.). Kmnvktlgc Banc for the Bc)>mmn)> Tcadifr (Elmsford, NY: Pcrganion Press, 1 989); W.R. Houston (cd), flaiullmok 
of Rexeurih im Teacher Eiliicalion (New York. NY; Matniillaii, 1990). 
^" Carnegie, op. cit., footnote 17. 
^1 Ibid., p. -V 

22 Starting as an informal consortium of 1 7 education deans, the group took both name and mission from Henry Holmes, Dean of Harvard 
Graduate School of llducation. wh' n 1 927 suggested, "America has yet to In: persuaded that the training of teachers is a highly significant part 
of the making of the nation," Lynn Olson. "An 0\ervie\v of tlie Holmes Group." Wi; OcUa Kiippwi, April 1987, p. 691. Today tlie group in- 
cludes deans of more than 80 education schools in research institutions. 

2' Holmes Group, op. cit.. f(K)tnotc 18. 

2* Holmes Group, Tomorrow's Sehimls oj Eihieauci (Hast Lansing, Ml: 1995). 
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and national teachers' unions, to support reform 
efforts in teacher preparation.'^^ 

I Certification and Licensure 
of New Teachers 

The education systems being challenged by cur- 
rent reforms are based on a legacy begun in the 
19th century, when many states took over the 
functions of examining and credentialing new 
teachers. Typically, the state departments of 
education controlled public normal schools (and 
later teachers' colleges), and certification became 
a question of completing the course of instruction 
offered by these institutions. Today, state require- 
ments for teachers are created by state legislatures. 
However, because public school teachers are 
employed by local boards of education (on the rec- 
ommendation of the superintendent of a district), 
and these boards are made up of lay people, it 
might be said that the public is involved in em- 
ploying teachers. Thus there is a divided responsi- 
bility — among the public sector, universities and 
colleges, and public schools — for what should be 
the basis of teaching. 

In other professions — medicine, law, engineer- 
ing, architecture — states have delegated the 
responsibility for licensing to autonomous stan- 
dards boards composed of practitioners who es- 
tablish the standards and processes of the 
profession for the nation. Teaching does not fol- 
low this model.^^ Instead, each state sets its own 
licensure or certification process for educators^^ 
and issues different types of certificates. In some 



cases, state departments of education determine 
qualifications to teach based on a requisite num- 
ber of courses. State approval generally comes 
from reviewing specific teacher education pro- 
grams on a program-by-program basis, resulting 
in hundreds of sets of standards for teacher prepa- 
ration with varying levels of quality. "The gener- 
ally minimal state-prescribed criteria remain 
subject to local and state political influences, eco- 
nomic conditions within the state, and historical 
conditions which make change difficult."^^ 

In general, there is a standard teaching license 
or certificate. Each state sets its own standards that 
individuals must meet by completing an approved 
teacher education program and fulfilling state or 
district continuing professional development re- 
quirements. (Half the states require students to 
take a state or national test prior to admittance to a 
teacher education program. See table 5-1.) States 
issue both provisional and permanent credentials. 
A provisional certificate means a teacher is ade- 
quately prepared for initial employment but must 
meet some additional conditions of further 
coursework or experience (or both) before receiv- 
ing a permanent certificate. There are also emer- 
gency teaching certificates, usually issued on a 
yearly basis, for those who are not yet qualified to 
teach but who are needed in areas of shortages. 
Emergency certificates are also used for candi- 
dates who lack formal qualifications but whom a 
district wants f.o hire for special skills or other 
reasons. 



2' Ann Bradley. '•Holmes Group Urges Overhaul of Ed. Schools." Education Week. vol. XIV, No. 1 'A Feb. 1 . I'jyS. pp. 1 . X. 

Gail Huffman-Joley, "State Standards Boards Will Create a Stronger Profession," Qualily Teuchmn, NCATE Newsletter, vol. issue I . 
fall mX p. 6. 

American Association of Colleges for Teacher Education, Teacher Educulion Policy in the Stales: A 50-Slale Survey »fLci;islali\c ami 
Admmisiraiive Action (Washington. DC; spri ng 1 994), p. vii. While the terms license and certificate are often used interchangeably, the Office 
of Technology Assessment uses the following terminology adopted by the American Association of Collegesof Teacher Education for its sur- 
vey of teacher education policy; "A license is the official recognition by a state government agency that an individual has met state-mandated 
requirements and is therefore approved to practice as a duly licensed educator in that state. A cerliflcute is a credential awarded by the profession 
in recognition of advanced skills or achievement Some states use the tenn 'certificate' to describe what is more commonly rcfencd to as a 
license. A credential refers to eitlier a license or certificate." 

Oeorge M. Dcnnison, "National Standards in Teacher Preparation: A Commitment to Qm\\\s," Chnmiclc oflli^ier Kducotion, Dec. 2. 
l'W2, p. A-40. 
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Not all teachers today are prepared for their 
jobs. The National Commission on Teaching and 
America's Future suggests that, among the more 
than 200,000 teachers newly hired each year, one 
in four (50,000) are not fully prepared for their 
jobs. In the country's largest school district. New 
York City, more than half (57 percent) of the 4,500 
teachers hired in 1992 were unlicensed. In fact, 
more than 1 5 percent of all schools and 23 percent 
of central city schools nationwide had vacancies 
in 1991 they could not fill with a qualified 
teacher,29 

Alternative Certification 

Alternative certification programs vary by state 
and are designed for nontraditional students tak- 
ing accelerated preparation for teaching. Often, 
these programs are aimed at encouraging people 
with special skills or experience (such as retired 
military personnel) to go into teaching as a mid- 
career change. Many of those entering the profes- 
sion through alternative preparation programs 
begin with emergency certification until they 
meet the full requirements of their teaching area. 

After a period of expansion, the number of 
states offering alternative certification programs 
decreased from 43 in November 1993 to 36 in 
May 1994.-^° Some states have more than one al- 
temative program for licensure; others have 
dropped alternative programs due to funding diffi- 
culties or lack of support from prospective stu- 
dents, school districts, or institutions of higher 
education. However, approximately 200 of the 



more than 500 colleges of education accredited by 
the National Council for Accreditation of Teacher 
Education still offer alternative certification pro- 
grams.31 

Some critics assert that alternative certification 
candidates lack sufficient pedagogical under- 
standing, which is difficult to acquire after one be- 
gins teaching, 3^ This is likely to become an even 
greater concern as standards for teacher education 
programs in general are raised.^^ Moreover, given 
the high attrition rate of beginning teachers in gen- 
eral, there is concern that those entering teaching 
without a strong base of pedagogical skills and ex- 
perience may be particularly ill-prepared to han- 
dle troublesome settings. 

Altemative certification does not automatical- 
ly imply hiring outside the teaching profession, as 
some critics contend. It also provides a way to 
bring in qualified teachers from other states. For 
example, Oklahoma — in adopting the Master 
Teacher certification that has been developed by 
the National Board for Professional Teaching 
Standards — will waive its state certification for 
certified teachers from other states who pass the 
NBPTS certification assessments. NBPTS is de- 
veloping advanced standards and assessments for 
teacher performance that encompass various com- 
ponents such as portfolios, certification center as- 
sessment activities, and essay examinations 
designed to demonstrate teacher knowledge and 
skill. Teachers who meet these standards will be 
designated as "Master Teachers."34 in fact, this 
kind of flexibility for teachers who want to move 



2' Linda Darling-Hammond, "Tlic Currcnl Status of Teaching and Teacher Development in the United States," background paper for the 
National Commission on Teaching and America's Future, New York, NY, November 1994. 
AACTB, op. cit., footnote 27, p. v, 
" Wise, op. cit., footnote 15. 
Sec, e.g., Jonathan SdioiT, "CLiss .Action," I'lii Mtu Kuppan. vol. 1^. No. 4, IX-cenilx-r 1993, pp. 315-318. 

James B. Stcdman, Congressional Research Service Report for Congress, "Teachers. Issues for the 101st Congress," Feb. 23, 1990, p. 21. 
'•'See, e.g., Arthur F. Wise. "Professionali/ation and Standards: A Unified System of Quality Assurance," A</uc-ori«n IVcf/t, June 1, 1994; 
and *' ["he Coming Revolution in Teacher Licensure: Redefining Teacher Preparation," Action in Tcachrr Educution. vol. XVI, No. 2, summer 
!'>94, pp. 1-13. Sec also, Lynda Richardson, "First 81 Teachers Qualify for National Cerlification," New York Times. Jan. 6, 1995, p. A-1. 
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TABLE 5-1 : State Requirements for Entrance to Teacher Education Programs^ 



University/college of 
State or Minimum grade education entrance Other state 

State national tests" point average standards"^ requirements^ 



Alabama 


/ 


/ 


/ 




Alaska 






/ 




Arizona 






/ 




Arkansas 


/ 


/ 






California 


/ 








Colorado 


/ 








Connecticut 


/ 






✓ 


Delaware 






✓ 




District of Columbia 


/ 








Florida^ 


/ 








Georgia 


/ 


/ 


✓ 




Hawaii 






/ 




Idaho 


/ 


✓ 


/ 




Illinois 






/ 


✓ 


Indiana 




/ 






Iowa 






✓ 




Kansas' 


/ 


/ 






Kentucky 


/ 


/ 




/ 


LouisianaQ 


/ 


/ 






Maine 






/ 




Maryland 






/ 




Massachusetts 






✓ 




Michigan 








/ 


Minnesota 


/h 








Mississippi 


/ 


/ 




✓ 


Missouri 


/ 








Montana 










Nebraska 


/ 


/ 




✓ 


Nevada 


/ 








New Hampshire 










New Jersey 




/ 




/ 


New Mexico 






✓ 




New York 










North Carolina 


/ 


/ 






North Dakota 




/ 


/ 


/ 


Ohio 






/ 




Oklahoma 


✓ 


/ 






Oregon 




/ 


✓ 


/ 


Punnsylvnmn 






✓ 




Rhixte Island 




/ 


✓ 


/ 
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TABLE 5-1 (cont'd.): State Requirements for Entrance to Teacher Education Programs^ 








llnl\fAr<sltv/cnllAnA nf 

Ulll VCI Olijf WUllC^jv sJl 






State or 


Minimum arade 


education entrance 


Other state 


state 


national tests'' 


point average 


standards'^ 


requirements'" 


South Carolina 




✓ 


/ 


/ 


South Dakota 




/ 




/ 


Tennessee 


✓ 


/ 




✓ 


Texas 


/ 






/ 


Utah 






✓ 




Vermont 




/ 


✓ 


/ 


Virginia 


/ 


/ 






Washington 


/ 


/ 






West Virginia 










Wisconsin 


✓ 


/ 






Wyoming 






/ 





^ American Association of Colleges of Teacher Education. Teacher Education Policy in the States. A50-State Survey of Legislative and Administrative 
Actions (V^ashington. DC. AACTE, 1994) 

" For example. National Teachers Exam. Pre-Professional Skills Test. PRAXIS. California Basic Skills Test 

Standards set by individual Institutions of Higher Education {IHE)/Schools and Colleges oi Education. 

For example, interviews, other demonstrations of basic skills competencies, course requirements 

Up to 10 percent of an IHE s admission may be to individuals who do not meet standards 
' Standards are for regents institutions only 

9 Up to 1 0 percent of an IHE s admission may be to individuals who do not meet standards, but candidates will have to meet standards tor licensure 
^ State requires candidates to take the Pre-Professional Skills Test, but scores are not used for screening purposes. The low-scoring candidates are 
targeted for assistance. 

' Minimum GPA requirement applies only to graduate program candidates there is no minimum GPA requirement for undergraduate candidates 



between states is one alternative measure NBPTS 
is encouraging nationwide.-'^ 

Technology and Certification 

The importance of technology In teacher certi- 
flcation is gaining momentum. A recent survey 
under contract to the Office of Technology As- 
sessment (OTA) found that at least 1 8 states re- 
quire training in computers or technology for all 
teachers seeking certification.-^^ Although that 
figure is far from a majority, it represents an in- 
crease over just a few years ago: in 1987 only 1 2 



states had such a requirement for certification of 
all teachers.-'^ 

States take various approaches to technology 
certification requirements. For example, Califor- 
nia requires a one-semester course, New Jersey 
and Texas require a three-credit course, and Kan- 
sas and Wyoming require a one-unit course. 
Washington state law specifies that all teachers 
must have general knowledge of instructional 
uses of the computer and other technological de- 
velopments. In Michigan, recent legislation man- 
dated that teachers have "a working knowledge of 



Joanna Rii liiirdson. "Slates Offer iticentives to Teachers Seeking National Board Certirication." Education Week, Sept. 7. 1994. 
Ronald E. Anderson. "State Technology Activities Related to Teachers." OTA contractor repon. November 1994. 
"In addition to the 1 2 states iliat required coniputericlated courses forall teacher certirication in 1987. six states had such requirements for 
teachers in certain subject areas (business, computer, or media education). ll.S. Congress. Office of Technology Assessment. Power On! New 
Tinthfor Tcufhinn ami l.e(irninn. OTA SF.T-.^79 (Washington. IX'' U.S. Gnvcmment Printing Office, September 1988). p. 209. 
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Technology is becoming more important tor teactier 
certification. Eighteen states currently require training 
in computers or technology tor all teachers seeking 
certification. 

modem technology and use of computers" and 
that the university that graduates the teacher can- 
didate "demonstrate [this knowledge] to the satis- 
faction of the school or district before an 
individual may engage in student teaching."^^ 
And since 1985, Idaho teachers have been re- 
quired to "develop skills to use computer technol- 
ogy," including word processing, database 
management, and general instructional use. Idaho 
and Wisconsin, according to the survey, follow the 
presei-vice guidelines for technology training de- 
veloped by the International Society for Technol- 
ogy in Education (ISTE) and approved by 
NCATE, the national professional accreditation 
body (see box 5-2). 

Technology is also receiving heightened atten- 
tion in some alternative certification programs. In 
Florida, an alternative preparation program con- 
nects institutions of higher education and local 



public or private schools with individuals from 
the military and business who b ave degrees in spe- 
cific content areas needed by the schools. In this 
field-based preservice program, candidate practi- 
tioners work in classrooms as contracted first-year 
teachers under the supervision of the teacher edu- 
cators from the College of Education at the Uni- 
versity of South Florida. A school-based team 
assists and evaluates the candidate's performance 
throughout the year. Technology proficiency is 
imperative in this model, since candidates are 
trained on and expected to use Florida's Informa- 
tion Resource Network (FIRN), a statewide teach- 
er network, to communicate with each other and 
with the Alternative Teacher Preparation program 
office. Candidates use lesson plans distributed 
over FIRN and can take courses while off campus 
via distance learning.-'^ 

I Accreditation of Colleges of Education 

One of the major issues in the professionalization 
of teaching and teacher education is the accredita- 
tion of schools and colleges of education. Unlike 
those who practice law, medicine, social work, en- 
gineering, architecture, or other professions, 
teachers oo not have to graduate from an institu- 
tion accredited by the profession. In fact, today 
less than half the schools of education are profes- 
sionally accredited. 

There are two accrediting tracks for colleges of 
education: state standards boards and the National 
Council for Accreditation of Teacher Education. 
State standards boards have been created over the 
last 20 years, and now exist in 1 1 states."*^ Some 
are appointed by the governor, and a few report to 
the legislature. Some have complete responsibil- 
ity for establishing standards and implementation 
procedures for licensure, while others have only 



'8 Sec Stale of Michigan, 87lh Legislature, Enrolled House Bill No. ii 121, sec. 1531b, Dec. 31, 199 V 

'9 Molly Drake, University of South Horida, personal communication, December 1994. Tlie university, located in Tampa, currently serves 
seven Florida school districts with its Alternative Ti acher Reparation program. See also, Eik Schmilt, "Peace Dividend: Troops Tum to Teach- 
ing," New York Timcx, Nov. .10, I 'W4, pp B- 1 , 1 2. 

* Wi.se, op. cil., footnote 15. 
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BOX 5-2: Curficulum'Guidelines for Accreditation of Educational 
Computing arid Technorogy Programs ■ • 



The Accreditation Committee of the International Society fcr Technology in Education (ISTE) in 1992 
developed a set of "Curriculum Guidelines for the Accreditation of Educational Computing and Technol- 
ogy Programs," which was approved by the National Council for the Accreditation of Teacher Educa- 
tion. The basic guidplines suggest that all teachers should be able to; 

1 . Demonstrate the ability to operate a computer system in order to successfully use software. 

2. Evaluate and use computers and related technologies to support the instructional process. 

3. Apply instructional principles, research, and appropriate assessment practices to the use of comput- 
ers and related technologies. 

4. Explore, evaluate, and use computer/technology-based materials, including applications, educational 
software, and documentation. 

5. Demonstrate knowledge of uses of cor-;puters for problem so'ving, data collection, information man- 
agement, communications, presentations, and decisionmai<ing. 

6. Design and develop student learning activities that integrate computing and teciinology for a variety' 
of student grouping strategies and for diverse student populations. 

7. Evaluate, select, and integrate computer/technology-based instruction in the curriculum of one's sud- 
ject area(s) and/or grade level. 

8. Demonstrate knowledge of uses of multimedia, hypermedia, and telecommunications to support 
instruction. 

9. Demonstrate skill in using productivity tools for professional and personal use, including word proc- 
essing, database, spreadsheet, and print/graphics utilities. 

10. Demonstrate knowledge of equify, ethical, legal, and human issues of computing and technology ar 

they relate to society and model appropriate behaviors. 
1 1 Identify resources for staying current in applications of comput'ng and related technologies in 

education. 

12. Use computer-based technologies to access information to enhance personal and professional 
productivity. 

1 3 Apply computers and related technologies to facilitate emerging roles of the learner and the educator. 

SOURCE Excerpi from goals established tiy the InternationalSocietyforlheAccreditalionolTechnologyin Education. Accreditation 
CoTimittee Eugene OR 1992 



partial responsibility.'*' Most are autonomous and 
determine the credentials, licenses, standards, as- 
sessments, aiid examinations for entry and ad- 
vancement in the profession. In most cases, the 
boards also approve specific col'ege or university 
teacher education programs. 



NCATE was created about 40 years ago. and its 
mission today is to establish and help support a 
quality systc n for preparing future teachers 
throughout schools of education. The reorganiza- 
tion of NCATE in 1 986. with its subsequent adop- 
tion of a set of standards for teacher education in 



AAC ll', up. ill., IcHitimlc 27, p. \ i. 
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1988, has been another key force in teacher educa- 
tion reform. Until this restructuring, the organiza- 
tion accredited individual teacher education 
programs, a task which duplicated in many ways 
the state's function.'^^This might explain why col- 
leges of education have found requirements for 
state program approval and NCATE accreditation 
to be duplicative, although both are voluntary. 

There are other concerns with duplication, as 
well. Institutions must sometimes undergo multi- 
ple reviews to satisfy different kinds of require- 
ments, including university system requirements, 
subject-specific curriculum guidelines in the 17 
associations recognized by NCATE, and guide- 
lines for programs such as math and English de- 
veloped by the National Association of State 
Directors of Teacher Education and Certification 
(NASDTEC).'*3 To minimize this potential for 
overlap, NCATE so far has entered into partner- 
ships with 33 states to cooperate in their review of 
institutions.'*'* For exjimple, Florida has agreed 
that its state teacher education institutions need 
only undergo a single review rather than three dif- 
ferent reviews by the state board, the university, 
and NCATE.'*^ 

NCATE's role as the national professional ac- 
creditation body has not been without controver- 
sy. As one educator asserts, "NCATE demands 
high standards but has no mechanism to really as- 
sist institutions in making the changes needed.'"*^ 
Although many suggest that accreditation is im- 



portant to assure the public that institutions have 
met high standards and provide a philosophical 
and intellectual foundation for teacher education, 
only 521 — or 41 percent — of the 1,279 state- 
approved teacher education institutions have 
sought and received NCATE approval.'*'' (As of 
September 1994, 41 additional institutions are 
candidates, awaiting an accreditation visit.'*^) 
Furthermore, the National Board for Professional 
Teaching Standards (NBPTS) does not require 
that candidates for its advanced professional certi- 
fication ("Master Teachers") be graduates of ac- 
credited teacher preparation programs. However, 
NBPTS and NCATE are working together "to en- 
sure that standards for accreditation and standards 
for advanced certification are compatible and con- 
gruent.'"*^ 

In revising standards in 1988 to reduce duplica- 
tion, clarify language, and emphasize areas of im- 
portance, NCATE also placed a new emphasis on 
technology. The NCATE standard "Pedagogical 
Studies for Initial Teacher Preparation" suggests 
that professional studies for all teachers include 
knowledge about and appropriate experiences 
with eight areas, one of which is educational com- 
puting, including the use of computer and related 
technologies in instruction, assessment, and pro- 
fessional productivity. Under the standards for 
quality of instruction for teacher education facul- 
ty, a new indicator was added stating that "instruc- 



■•^ Ted Sanders, "A State Superintendent Looks at National Accreditation," Phi Delta Kappan. October 1993, pp. 165-170. 
See also the " 1 992 N ASDTEC Outcome-Based Standards and Portfolio Assessment," a set of standards that serve as a resource for states 
considering, developing, or implementing outcome-based approaches for teacher education and certification. 

^ Jane Liebbrand. NCATE Director of Communications, personal communication, Sept. 23, 1994. See also, Karen Diegmucller, "NCATE 
Analysis of Education Schools To Help Forge Partnerships with States," Education Week. Mar. 24, 1993, p. 27. 

''^ WilmcrS. Cody, "National Accreditation — An Effective Use of Resources," CHa/;7v7faL/iin;f, NCATE Newsletter, vol. 1 , Issue 2, winter 
1992, p. 1. 

Allen Glenn, Dean, College of Education, University of Washington, Seattle, personal communication, Jan. 6, 1995. 
Diegmueller, op. cit., footnote 44. 
Liebbrand, op. cit., footnote 44. 
Ibid. 
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tion reflects knowledge and use of various 
instructional strategies and technologies."^'-* 
Qualifications for professional education faculty 
also must include "faculty modeling the integra- 
tion of computers and technology in their fields of 
specialization." Finally, there is a standard to en- 
sure that facilities, equipment and budgetary re- 
sources in the colleges of education are sufficient 
to fulfill its mission and offer quality programs. 
One indicator states that "facilities and equipment 
support education communication and instruc- 
tional technology needs, including computers, 
and they are functional, and well maintained."^' 
In addition, NCATE endorsed the curriculum 
guidelines for educational and computing tech- 
nology programs developed by ISTE (see box 
5-2). 

Another organization acting as a catalyst to re- 
form and improve the standards of teachers is the 
Council of Chief State School Officers (CCSSO). 
The CCSSO's task force on licensing standards, 
called the Interstate New Teachers Assessment 
and Support Consortium (INTASC), is working to 
develop common licensing standards for new 
teachers, from the perspective of the state depart- 
ments of education. INTASC has worked with 22 
states over the last three years to develop model 
standards that require teachers to demonstrate 
knowledge and skills; the new standards are in- 
tended to replace the current teacher preparation 
program approval system with a system based on 
achievement.52 Both the CCSSO and NBPTS are 
also National Council for Accreditation of Teach- 
er Education constituents, so the platform is being 
set for shared expectations for teacher education 
reform. 

In addition, the National Association of State 
Directors of Teacher Education and Certification 



has published a set of model standards as re- 
sources for states considering outcome-based ap- 
proaches to teacher education and certification. It 
is a first step in developing essential national 
standards for obtaining the initial professional 
teaching certificate and entering the teaching pro- 
fession. In the future, NASDTEC plans to work 
with states to develop instruments, tasks, and ma- 
terials for evaluating whether prospective teach- 
ers have the skills, attitudes, and knowledge for 
teaching. NASDTEC also plans to develop tools 
such as multimedia professional development 
systems and portfolio assessment models for dem- 
onstrating competence in teaching with technology. 

Technology is also central to the NASDTEC 
outcomes, both as a separate subject area and inte- 
grated with content areas across the curriculum. 
For example, one standard states that "the begin- 
ning (high school) teacher during planning, deliv- 
ery, and analysis activities correlates, integrates, 
and applies computer-supported learning, produc- 
tion, and management systems in classroom 
teaching," in order "to broaden student knowledge 
about technology, to deliver direct instruction to 
all students at different levels and paces, to use 
technology as a motivation for higher order learn- 
ing, and to produce computer assisted solutions to 
real-world problems."^- 

I K-12 Reforms, Colleges of Education, 
and Technology 

Reform efforts that link colleges of education and 
K-12 schools are not commonplace, but such col- 
laborations are vital if the current teacher work- 
force and future teachers are expected to be able to 
approach teaching and learning in an effective, 
cohesive manner. Typically, K- 1 2 reform and col- 



Ttic International Society for Technology in Uducalion recommended NCATE's adoption of this standard. Margaret Kelly, California 
State University, San Marcos, personal communication, Sept. 1 3, 1994. 

5' National Council for llie Accreditation of Teacher Education, "NCATE Standards" (Washington, DC: 1994). 

52 Arthur E. Wise, "Professionalization and Standards: A ' Unified System of Quality Assurance,"' Education Week. June 1 , ! 994, p. 48. 

•''^ NASDTEC Standards Committee, "NASDTEC Outcome Based Standards" (draft), March 1993, p. 19. 
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At Mississippi State University, elementary teacliers from 
around tlie state are trained to use multimedia computer 
equipment for a new 8th-grade course called Computer 
Discovery that helps students understand how computers 
are used in different careers. 



leges of education reform are viewed as separate 
issues.^^ Indeed, "during the past 100 years or so 
of focusing on school reform, very little attention 
has been paid to the role of reforming teacher 
education."^^ 

This situation is no different when it comes to 
technology education and implementation. COE 
faculty rarely work with other agencies, such 
as school districts or state education agencies, 
on projects related to technology integration, 
according to data from the survey conducted 
for OTA.^* Likewise, many teacher education 



faculty are not aware of all the technology require- 
ments for teacher certification in their states. 

Often at the state and federal level there is little 
understanding of what this alignment between 
COEs and K-12 requires. Nevertheless, some col- 
laborative partnerships among universities, 
schools, districts, regional education agencies, 
and state education agencies have shown great 
promise. For example, the University of Virginia 
teamed up with the Virginia state education 
agency to create Virginia's Public Education Net- 
work. California State University's telecommu- 
nications system spawned a collaborative, 
statewide K-12 staff development project, the 
California Technology Project, supporting free 
K-12 telecommunications and preservice teacher 
links.^^ Faculty at the University of Central Flori- 
da and the University of South Florida have been 
very active in technology training and develop-: 
ment projects in collaboration with the Florida 
state education agency. And the Texas Education 
Agency 's grant program supports technology-rich 
professional development schools (see box 5-3). 

At the University of Washington, three reform 
efforts — the Center for Educational Renewal, the 
Institute for Educational Inquiry, and the National 
Network for Educational Renewal — are jointly 
creating an agenda for the simultaneous renewal 
of pre-kindergarten through grade 12 schools and 
the education of educators. Twenty-five universi- 
ties and 100 school districts are linked by the Na- 
tional Network as part of this undertaking, and the 
Institute supports work at the educational settings 
involved in the network. 

The renewal of teacher education requires the 
availability of schools that are in the process of 
renewing. Schools that are renewing are as in- 
dispensable to good teacher education as teach- 
ing hospitals are to good medical education.-''^ 



5'* John I. Goodlad, Teachers for Our Nati()ii\ Svhools (San Francisco, CA: Josscy-Bass, Inc.. 1990). 
-''5 Goodlad. op. cll., footnote 14. 

5'' Jcro' Willis ct al., • Information Technology in Teacher Education: Surveys of the Current Status," OTA contractor report, March 1994. 

Kelly, op. cit.. footnote 50. 
5" Goodlad, op. cit., footnote 14. 
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Indeed, in the 19 institutions of higher education 
in the state of Washington, teacher education stu- 
dents are placed in schools the very first quarter of 
their teacher education programs. At the Universi- 
ty of Washington, 60 hours of school-based expe- 
rience is required to be considered for admission 
to the teacher education program.^^ 

The professional development school move- 
ment^ is a similar example of a K- 12 and univer- 
sity collaboration. Institutions such as the 
University of Utah and the University of Houston 
have forged relationships with public schools to 
increase opportunities for teacher education stu- 
dents to observe and practice technology integra- 
tion. Both Utah and Houston have discovered, 
however, that university faculty and K- 1 2 teachers 
require considerable staff development and ongo- 
ing support to make the connections. Unless uni- 
versity policies (e.g., tenure, promotion, and merit 
salary increases) are changed to reward COE fac- 
ulty for undertaking collaborative projects with 
K-12, there is little incentive for faculty to invest 
the substantial time and effort required for work- 
ing closely with schools. 

Increased COE collaboration with K-12 must 
be balanced against the additional drain on the 
limited technology and support resources avail- 
able in colleges of education. As discussed in the 
section below, these COE technology resources 
are limited. 

TECHNOLOGY IN TEACHER EDUCATION 

Among the many demands on schools and col- 
leges of education today, preparing teachers to use 
technology may seem like an additional burden. 
However, as noted above, states and professional 
organizations are increasingly recommending or 
requiring that all new teachers be competent in the 



uses of technology. Moreover, emerging evi- 
dence suggests that technology can make sev- 
eral positive contributions to the overall 
preservice experience. 

For example, OTA case studies of four colleges 
of education where technology is an integral part 
of the preservice programs found technology be- 
ing u sed in a number of ways to enhance the over- 
all teacher preparation experience.*^' Technology 
can capture the reality of the classroom: a video- 
tape of a teacher conducting an actual class can 
"anchor" preservice students to the complex and 
real-life interactions of students and teachers. 
Technology can facilitate access to and commu- 
nication with additional resources, such as experts 
in the field or informational databases on CD- 
ROM available to teacher education students and 
faculty on the same network. Technology can also 
support and enhance traditional approaches to 
teacher-developed curriculum materials and 
instructional practices. While these kinds of pro- 
grams demonstrate the possibilities, the under- 
lying question remains: how well do most 
colleges of education prepare new teachers to use 
technology? 

I Preparing New Teachers 
To Use Technology 

A Role for Colleges of Arts and Science 

Teachers teach as they have been taught. Since 
most teacher education students receive much 
of their content instruction in the colleges of 
arts and sciences, it is important that effective 
teaching — including teaching with technolo- 
gy — is modeled in the other parts of the univer- 
sity preparation of prospective teachers. This is 
particularly important as states cut back the num- 
ber of education courses a prospective teacher can 



^'^ Ulenn, op. cii., foolnoie 44. 

Sec, e.g., I.inda Darling- Haninioiid (cel.). Professional Developmcnl Schools: Schools for Developing a Profession (New York, NY: 
Teachers College Press, Columbia University, 1954); also. Joanna Richardson, "NCATE To Develop Standards for Training Schools,"/;f/Hr(i- 
lion Week. vol. XIV, No. 19, F"cb. 1. IW.'i, p. 3. 

John R. Mergendoller el al.. '"Case Studies of Exemplary Approaches to Training Teachers to Use Technology." OTA contractor report. 
September IW4, 
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BOX 5-3: Redefining Preservice, Texas Style- 



Attending faculty meetings; participating in PTA meetings; going on field trips; obser\'ing and assist- 
ing in the library, in the nurses clinic and counselor's office; and sitting in on parent conferences. No, it's 
not a day in a teacher's life. It's a semester in the life of preservice teacher candidates fulfilling an in- 
ternship in Texas. 

For example, at the Center for Professional Development and Technology (CPDT) at Stephen F. Aus- 
tin University's School of Education, instead of three-and-a-half years of university courseworl< and a 
sem.ester of student teaching, preservice teacher candidates must spend a semester as an intern— ob- 
serving, learning, and talking university classes at a school site— prior to becoming student teachers. 
The teacher candidates are involved in all aspects of school activity. They tutor individual students, 
teach in small groups, make bulletin boards, use computerized grade bool<s, shadow mentor teachers 
in various assignments, and attend inservice training programs. 

In a typical internship at a middle school, for example, teacher candidates spend an eight-hour day 
at the school two days a week; from the first bell in the morning until one in the afternoon, they are 
teacher Interns working with a mentor teacher Later in the day they become university students again, 
taking methods courses taught by university faculty on-site at the middle school. During the rest of the 
week, the students return to the university to take regular classes, including a course using computers 
purchased with CPDT funds. The students get computer experience in their school sites, too, using 
technology (also funded with CPDT monies) in the mentor teachers' classrooms. 

Often, this school-based experience is enough for students to decide whether or not they really want 
to become teachers. For the teachers in the school, the experience is also an education. As one teach- 
ers says, "The old student teachers would just take courses and come straight into the classroom, with 
no buffer zone. Now ... we have student teachers who have seen what a school is about. " Teacher 
education faculty benefit, as well, since "the fact that university faculty are no longer teaching [only] on 
the university campus, and what they say will be validpted in the classroom the next day, keeps evfiry- 
one on their toes. " 

In Texas, the time students spend in K-1 2 classrooms before they receive their teaching degrees is 
uniquely styled, in large part, because of efforts by the Texas Education Agency to reform teacher 
education. The Texas Education Agency (TEA) is a unit of the Texas state government, with extensive 
responsibilities for K-1 2 education and a serious commitment to technology use. The TEA oversees the 
certification of teachers and allocation of state funds to 1 ,050 local school districts with more ihan 6,000 
schools. The TEA also supports 20 Regional Education Service Centers that provide direct services to 
the districts in their region (see chapter 4). 

Since the 1970s, when personal computers became affordable, there has been interest at TEA in the 
use of technology in schools. The 1988 publication of TEA'S "Long-Range Plan for Technology" makes a 
case for technology as one means of improving education in the state. Among the plan's initiatives that 
required action on the part of the state's legislature was a call for the Texas legislature to appropriate 
$50 per year per public school pupil for technology, with annual increases. The legislature actually ap- 
propriated $30 per year per pupil in 1992-93, and the figure has not been increased; however, it 
amounts to a commitment by the state of $1 13 million annually for technology.^ 



' The only signilicani restriclion is the requiremeni that districts spend at least 75 percent ol the money on ■ inslruc!ion," as op- 
posed to hardware TEA encourages districts lo spend 30 percent ol their technology alloc;ations on staff devolopment. but this is a 
reccminendation not a requirement 
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BOX 5-3 (cont'd.); Redefining Preservice, Texas Style ' 



This history of support for technology in schools has evolved into support for better use of technology in 
the preparation of new teachers. It became clear that if K-1 2 students have technology access and experi- 
ence, so, too, should the new teachers who are entering the classroom. The evolution to preservice support, 
however, has come about on a winding road. In 1987, the Texas legislature eliminated the undergraduate 
degree in education and required that all students preparing to be teachers have a content major. The legis- 
lation also limited the number of courses a student could be required to take in education to 18 semester 
hours — 12 credit hours of professional coursework and six credit hours for student teaching. Also in the 
1980s, TEA developed (with legislative support) alternative certification programs, so college graduates 
who had no teacher education courses could become certified to teach while working as teachers. 

By the end of the 1980s, it was obvious that both the 1 8-hour rule and alternative certification were not 
the optimal solutions. Alternative certification programs amounted to a sink-or-swim situation for the new 
teachers, and teacher education programs, while shorter, still emphasized lecture-based courses re- 
moved from the classrooms. Furthermore, there was concern that new teachers were not being prepared 
to use technology. 

Ultimately, TEA developed an alternative to traditional university-based teacher education and alterna- 
tive certification, and in 1991 legislation was passed authorizing funding for Centers for Professional De- 
velopment and Technology Approximately $34 million has been invested to support the restructuring of 
new teacher education programs through CPDTs. For the past three years, planning grants were awarded 
to teacher education programs in public and private colleges and universities to develop plans for reform- 
ing teacher education. CPDTs, like the one described in the above scenario, have an emphasis on inte- 
grating technology throughout the preservice curriculum and inservice staff development plan. This led to 
the creation of professional development schools— that is, sites within the K-12 setting that theoretically 
afford preservice students the best of both worlds, learning about teaching as teacher candidates and 
gaining important teaching experience in real school settings. 

The responsibility for effectively integrating technology into the new teacher education programs rests 
not with TEA but with the programs. So far, 17 collaboratives have been funded for CPDTs. This number 
includes percent of the educator preparation programs in Texas. Quantitative data indicate students 
going through a CPDT program score higher on the state-administered ExCept exam.^ The support of the 
state education agency and the state's legislature for technology as a primary emphasis in teacher 
education reform provide a valuable example for other states to consider. 



' The ExCept exam is required both in subject specialty and the general component prior to receiving certification to teach in 
Texas. 

SOURCE John Mergendoller et al . "Exemplary Approaches to Training Teachers To Use Technology." OTA contractor report. Sep- 
tember 1994, pp 9 1-9 30 
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Overall, teacher education programs in the United States do 
not prepare graduates to use technology as a teaching tool, 
and recent graduates of teacher education programs say 
they do not feel well prepared to use technology in the 
classroom. 



take, and as they move to abolish the undergradu- 
ate degree in education. 

A recent survey at the University of Southern 
California indicates that — across all areas — "only 
a small percentage of college courses and classes 
use technology to enhance or supplement instruc- 
tion."^2 According to the study, roughly one col- 
lege course in six uses computer labs, and only 
one in 10 uses computer-based simulations and 
software. The survey also reports that research 
universities are more likely than other types of 



institutions of higher education to consider re- 
sources such as the Internet to be important for ac- 
cess to content that otherwise might not be 
available for classroom instruction.^^ 

Technology Preparation in 
Colleges oi Education 

Even if the courses prospective teachers take in 
the general studies programs do not necessarily 
model technology use, it is appropriate that 
schools and colleges of education do so. However, 
anecdotal evidence, surveys conducted for 
OTA,^'^ and a number of other sources^^ suggest 
that this is not so. OTA finds that overall, teach- 
er education programs in the United States do 
not prepare graduates to use technology as a 
teaching tool. For example, although the majority 
of colleges of education surveyed offer a course in 
information technology (educational computing, 
educational media, or instructional technology), 
only slightly more than half require that their stu- 
dents take such a course.^^ 

For most types of technology,^^ faculty who re- 
sponded to the OTA contractor survey reported 
very low levels of use in the COE classroom, and 
recent graduates reported even lower levels of ex- 
posure to technology. In addition, the majority of 
teacher education faculty surveyed do not model 
technology use, do not use information technolo- 
gy to accomplish the objectives in the courses they 
teach, and do not teach students how to use 
technology for instructional purposes. 



^■2 The Heller Report, vol. 6, No. 3, January 1 995, p. 1 . 7. 
" Ibid. 

^* Much of this section comes from Jcrr>- Willis ct al., "Information Technology in Teacher Education; Surveys of the Current Status," OTA 
contractor report, March 1994. 

*5 See, e.g., R.E. Schumaker and P.G. Hossain, "Computer Use in Education Faculty Perception and Use of a Computer Learning Center," 
Journal of Computer Ra.sed Instruction, \o\. 17, No. 3, 1990, pp. 87-90; and J. Fratianni, R. Decker, and B. Koven-Bauni, "Technology: Are 
Future Teachers Being Prepared for the 2 1 st Century?" Journal of Computing in Teacher Education, vol. 6, No. 4, pp. 1 5-23. 

^■^i Likewise, a separate study of teacher education programs in Michigan found that 95 percent offered some type of training in information 
technology for teacher education students— but not necessarily a course— and that 40 percent required information technology training of stu- 
denLs in the teacher education programs. L. Carr, D. Novak, and C. Berger, "Integrating Technology into ftcscrvicc Education: Dctcmiininf; the 
Necessary Resources," yfiurna/ of Computing in Teacher [education, vol. 9, No. I, pp. 20-24. 

See definition of technology as used in chapter 2 of lliis report. 
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When the OTA contractor survey asked recent 
graduates how well their teacher education pro- 
gram prepared them to use technology in their 
teaching, the majority responded that they did not 
feel they were prepared. As one respondent said, 
"Training is definitely needed in teacher educa- 
tion programs on things such as HyperCard, multi- 
media, CD-ROM, etc. The class I had showed us 
slides of what could be done, but we really gained 
no understanding and received no training in these 
areas."^^ One conclusion to be drawn is that 
telling students about what is possible is not 
enough; they must see technology used by their 
instructors, ot serve uses of technological tools 
in classrooms, and practice teaching with 
technologies themselves if they are to use these 
tools effectively in their own teaching. As a re- 
cent graduate stated, "most colleges and universi- 
ties are using a broad base of computer 
technology; however, they are not giving student 
teachers enough background to use this in their 
own classrooms."^^ 

In those COEs where technology is an integral 
part of teacher preparation programs, anecdotal 
evidence suggests that students will adopt the use 
of educational technology in instruction if they 
see faculty members modeling technology use.^° 

The low level of technology coverage in teach- 
er education contrasts with the way that other pro- 
fessional preparation programs address relevant 
technologies. For example, few health care pro- 
fessionals complete their training and enter prac- 
tice without an understanding of the technologies 
used in their specialty. Few business college grad- 
uates complete their degrees without experience 
using the computer-based tools of their business 
specialties. Of course, professions such as these 
often require graduate study, so students in those 
programs may have more extensive exposure to 
the school's resources, including technologies. 
Most teachers only need to complete an under- 



graduate program to teach, and the data reported 
here suggest that most new teachers graduate with 
limited experiences or understanding of the ways 
technologies can be used in their professional 
practice — the classroom. 

Methods of Teaching With and 
About Technology 

Coverage of technology in teacher education can 
be divided roughly into three types: 1 ) discussion/ 
demonstration, 2) technology practice, and 3) 
professional practice. A faculty member conduct- 
ing a science teaching methods course might, for 
example, discuss how computer-based simula- 
tions coi'ld be used in a high school science class. 
The instructor might even demonstrate a few sim- 
ulations for the class using a large monitor or pro- 
jection panel. This occasionally occurs in teacher 
education, but it is rare. 

The next level of engagement with technology 
involves hands-on technology practice. In the sci- 
ence methods course, for example, the instructor 
might take the students to a teacher education 
computer lab and have them install science simu- 
lations into the computer and examine how they 
work. 

At the third and most critical level of engage- 
ment, professional practice, students in the sci- 
ence methods class might see simulations being 
used in a high school chemistry or physics class. 
They might visit a classroom, view a classroom 
via a television connection, or watch it from a vid- 
eodisc or videotape. At the level of professional 
practice, these students would also practice teach- 
ing with technology. In the methods course, they 
might create lesson plans that include technology 
and practice in teaching exercises. Later, in stu- 
dent teaching, they would observe teachers using 
technology and then teach with teclinology them- 
selves. 



Willis d ill., opcil.. footnote ()4. p. 121. 
Ibid. 

Mcrpciuiollcr cl al., op. lit., footnote 6 1 . 

j;-i7 



186 1 Teachers and Technology: Mlaking ths Connection 




The opportunity for preservice teachers to practice teaching with technology is not common in colleges of education. However, 
Trina Dendy (right) conducted a distance-learning course for high school students as part of her student teaching experience. 
Here, students in Corinth, Mississippi, receive the lesson (left), vjhich she broadcast front West Point, miles away. 



In the contractor survey of recent graduates, 40 
percent said education faculty used technology in 
the courses they completed; specifically, more 
than 60 percent said they had been taught with or 
taught to use some form of technology. However, 
an analysis of this is revealing: the areas that were 
most often reported as "taught about" were drill - 
and-practice applications and word processing. 
While half of recent graduates surveyed re- 
ported being prepared to teach vfith drill and 
practice, tutorials, games, and vfriting and 
publishing centers, less than one in 10 felt they 
could use such formats as multimedia pack- 
ages, electronic presentations, collaborations 
over networks, or problem-solving software. 
Rarely were teacher education students asked to 
develop material or create lessons with tech- 
nology. 

When technology topics are included, they 
are more often discussed, read about, or dem- 
onstrated than modeled, used, or incorporated 



into lessons created by students. When consid- 
ering the integration of technology into specific 
content areas, the survey suggests that the major- 
ity of faculty did not require students to use 
technology, to develop materials, or create lessons 
using technology. Only the videocassette recorder 
was used by more than 20 percent of teacher 
education faculty, and only word processing was 
cited by more than 1 0 percent of faculty as a basis 
for creating lessons. Part of the reason technology 
is not used more by faculty, according to one sur- 
vey respondent, may be that "until we train [COE] 
teachers and provide teachers with equipment, the 
teachers are not going to do much with stu- 
dents."'' • 

Student Teaching and Technology 
Technology does not appear to play a signifi- 
cant role in student teaching assignments. Even 
in preservice programs where technology is prev- 



Ibid. 
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alent and integrated in an exemplary way, one of 
the consistent problems identified in the survey 
and the OTA case studies was the lack of student 
teaching placements in technology-rich class- 
rooms with teachers who know how to exploit the 
possibilities afforded by technology. Often, the 
preservice teachers knew more about technology 
use — in general, not specifically for education — 
than the practicing teachers supervising themJ^ 

I Barriers to Technology Use in 
Colleges of Education 

Barriers to more integrated use of technology in 
COEs are similar to those in K-12 institutions. 
When asked to rank a list of 19 potential barriers, 
COE faculty gave the highest rankings to time, 
limited resources, faculty comfort level and atti- 
tudes, and little institutional encouragement for 
technology use. However, COE faculty do not 
generally see either complexity or reliability of 
equipment as major barriers to wider use of 
technology, and they see themselves as competent 
to use technology. ■'^ 

Access to Resources 

The data from the OTA survey suggest that a typi- 
cal college of education is more likely to be a 
"have not" than a "have" when it comes to many 
types of educational technology. This is a serious 
barrier, since access to resources is an essential 
element of any effort to increase both teaching 
with and teaching about information technology. 

Hardware and software resources are a problem 
in many programs. One suggestion — although 
only part of the solution — is a massive infusion of 
equipment through grants from computer compa- 
nies (see box 5-4), the federal government, or 
states. However, funds for the acquisition of up- 



to-date hardware and software have been difficult 
for COEs to secure. As noted in chapter 6, federal 
support for technology in COEs has been lim- 
ited.'^'The problem is also one of "pecking oider" 
within a university. As one educator pointed out, 
"Colleges of education are often at the very bot- 
tom of their universities' priority lists for equip- 
ment funding, despite the fact that, in many 
instances, the college of education might generate 
the largest number of student credit hours (and 
therefore revenue) for the university."'^ 

Information collected through the OTA case 
studies of four teacher preparation programs sug- 
gests that many colleges of education have so little 
equipment that any effort to increase technology 
presence in coursework would overwhelm exist- 
ing resources. In addition, there is a tendency in 
education to think of technology as just another 
capital cost, to be amortized over 10 or 15 years. 
Given the rapid pace of technological innova- 
tions — and the reality that new software releases 
most likely will not run on machines more than 
four or five years old — this assumption is incor- 
rect. Technology is not a one-time expense. As 
hardware and network installations become more 
technically complex, they need more attention 
and maintenance — costs that the COEs must con- 
sider and create long-tfc.-m plans to handle.''^ 

COEs, like K-12 schools, need to plan for how 
technology will be distributed and used before 
mandating its use. Trying to successfully imple- 
ment hardware and software without a plan outlin- 
ing the needs and functions to be addressed by that 
technology places the cart ahead of the horse. For 
example, buying 20 computers with built-in CD- 
ROM drives does little to define what will be done 
with them or how they could be deployed in a 
teacher education program. The machines could 
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'2 Mcrgcndollcr cl al., op. ril.. footnote 61 . 
Willis ct al.. op. cit., footnote 64. 

In contrast, for example, teacher education programs in the United Kingdom were recently invited to write proposals for how they would 
use compuler-con trolled CD-ROM equipment; the proposals were evaluated by the government's education autliority and most were funded. 
Paul Resia, "I'rcservice Education," The lilcctrimic School (Alexandria, VA: NSBA, September 1993), p. A28. 
Mcrgcndollcr ct al., op. cit., footnote 61 . 

9^ jns 
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BOX 5-4: Beyond the Box; Why Preservice Integration Requires Full Support 



Working from a belief that improving technology use in K-1 2 education required improving the way 
new teachers learn to use technology in 1989 IBM initiated the Teacher Preparation with Technology 
Grant Program. The program's primary goal was to help integrate technology into the curricula of teach- 
er preparation programs nationwide, and secondarily, to introduce more K-1 2 teachers, present and 
future, to MS-DOS-based computer technology. 

The effort was substantial: based on proposals submitted to IBM, a total of $30 million was donated 
(in hardware, software, cash, and training) to 144 teacher preparation institutions across the country. 
Each site received virtually the same equipment to establish a networked IBM lab.^ An evaluation of the 
program reported that, over a three-year period (1990-93), approximately 52,000 preservice teachers 
have been trained on the equipment in the labs.^ 

One commonly voiced concern about such integration efforts in colleges of education is whether the 
necessary levels of technical and other support are sufficient to enable a critical mass of college of 
education faculty — especially those who are not currently technology advocates — to become technolo- 
gy users. The IBM evaluation study found that nearly two-thirds of the teacher preparation faculty in- 
volved in the projects were trained to use the equipment; however, less than half received this training 
as a result of the grant program. 3 

In their grant applications, most sites proposed using the equipment for training preservice and in- 
service teachers and developing curriculum materials for integrating technology in instruction; however, 
arrangements on how this was to be done was left to the grantees. Ultimately the open-ended nature of 
the grants proved to be a problem for many sites. While they received a great deal of technology the 
training and support given to sites was more technical "nuts and bolts" for getting the labs up and run- 
ning rather than in training the teachers to effectively integrate technology in their classrooms. The eval- 
uation reported, "sites felt that additional training for faculty was necessary" and suggested that sup- 
plemental funding should have been targeted for this training. During the grant award process, as one 
site pointed out. IBM could have "forced the colleges of education to provide . . . release time, or other 
perks as compensation for . . learning the technology. IBM had the clout to require this, they just didn't 
know it."" 



' Most sites received 1 0 to 1 5 IBM Model 25 or Model 30 workstations, a PS/2 Model 80 file server, two printers, network.ng hard- 
ware and software, IBM courseware, a $5,000 cash grant, training for two ptoiect staff in Atlanta, and technical support 

2 Gary G. Bitter and Brandt W. Pryor. The National Study of IBM's Teacher Preparation vjith Technology Grant Program. Naona 
State University, Technology Based Learning and Research (Tempe. AZ Arizona State University, 1994), p. 13 

•5 Ibid . p 1 1 . 

"Ibid.p 21 



be placed in a lab where teacher education stu- 
dents learn word processing. Or, three or four 
could be put in each of the college classrooms 
where methods courses (e.g., science, reading/ 
language arts, mathematics, art, social studies) arc 
taught. However, if several of the science educa- 
tion faculty want to begin teaching students how 
to use videodisc-based packages that supplement 
or replace textbooks in some science classrooms. 



they might need fewer computers with CD-ROM 
capabilities and more videodisc players with bar 
■ ode readers. Another alternative would be to put 
the computers in the classrooms of cooperating 
teachers in the schools — those who had been en- 
couraged and supported based on a plan identify- 
ing their technology needs — as they supervise 
student teachers. 
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BOX 5-4 (cont'd:); Beyond the Box: Why Preservice Integration Requires Full Support 



The IBM program evaluation found that about two-thirds of respondents noted positive changes in 
the teacher preparation faculty's attitudes toward the computer lab. For example, one site responded 
that, "The easy access to the network encouraged the faculty to try to integrate [the] technology into 
their classes and helped them see the value of a computer network in the learning and teaching proc- 
ess."^ A total of 367 courses — both required and electives — were developed or revised to incorporate 
the computer technology.^ 

Also, over half the sites reported that they included local schools as part of their projects, most often 
through involvement with inservice teachers, bringing children to the site lab, and through activities con- 
ducted as a part of the preservice program. Several sites maintain that much of their implementation suc- 
cess was due to the participation of and interaction with the local schools. As one site reported, "Partici- 
pating in the schools gave [technology integration] a reality that was invaluable for the education faculty. 
The school's support of technology prods the university faculty and administration to do the same."^ 

Although educators at the IBM sites appreciated the good intentions shown by IBM, many were frus- 
trated by difficulties in integrating the technology into teacher preparation curricula, suggesting lessons 
for similar efforts. Some of the problems reported include. technical or equipment difficulties, lack of 
training and technical support, lack of resources, outdated hardware (most were 286 machines), and 
marginal software. Some sites were able to resolve these problems, but many were not. 

The IBM grant program evaluation suggests that an infusion of technology into a program is not suffi- 
cient to produce change. The open-ended nature of the grant program was a detriment to success for 
many of ihe sites. Sites were allowed near total discretion on how they integrated the grant into their 
teacher preparation programs; many sites were frustrated by a lack of quidance and support. Recom- 
mendations made to IBM by the grantees suggest that more direction was needed. "[IBM should] have 
a clear set of expectations of what the grant recipients are to do" and "have a reasonably well-devel- 
oped game plan — don't do this in a vacuum." 



^ Ibid . p. 47 

^ The grant sites reported that 84 new courses were created and 283 existing courses were revised to incorporate the IBM 
technology 

' Bilter and Pryor. op cit.. footnote 2. p 7 

SOURCE Gary G. Bitter and Brandt W. Pryor. The National Study of IBM's Teacher Preparation with Technology Grant Program 
(Tempe.AZ Arizona Stale University. 1994). 





Faculty Comfort Level, Attitudes, 
and Training 

Technology planning in the COE should involve a 
wide range of faculty from the college. One prob- 
lem, however, is that many faculty do not have the 
knowledge needed to make informed decisions on 
technology issues, according to' the aforemen- 
tioned survey. Furthermore, professional devel- 
opment for faculty tends to emphasize the 
fundamentals of computing rather than the in- 



tegration of technology into education. Like K-12 
educators, COE faculty need to understand ways 
technology can enhance instruction in their spe- 
cialty areas. 

A potential barrier to technology use in COEs 
may be the attitudes of faculty. Although most 
teacher education faculty believe that technology 
is an important aspect of both K- 1 2 education and 
teacher education, many seem to view technology 
as a separate type of content, rather than as somc- 
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tiling that should or could be integrated into a con- 
tent area such as a math course or a social studies 
methods classJ^ It is not surprising tliat faculty 
members agree technology is important while 
simultaneously presuming it is a "topic" that 
will be covered somewhere in the curricula oth- 
er than in the courses they teach. 

OTA's data suggest most teacher education fac- 
ulty concur that technology will play a critical role 
in the future of both education and teacher educa- 
tion. That generally positive attitude, however, 
does not translate into specific plans and actions 
the individual faculty member implements. There 
are several reasons for this dichotomy. While fac- 
ulty say technology is important, many do not feel 
comfortable using technology in the COE class- 
room. That is true even though the majority of fac- 
ulty (86 percent in the OTA survey) use a 
computer at home for many hours a week. Al- 
though they may have basic proficiency with 
word processing, disk operating systems, and 
spreadsheets, many are not as comfortable when it 
comes to integrating computer technology into 
instruction. In fact, most COE faculty in the OTA 
survey report some anxiety in using technology 
with their teaching applications, .and almost all 
(90 percent) consider the knowledge level and 
confidence level of teacher educators to be barri- 
ers to wider use of information technology in 
teacher education. Since the majority of teacher 
education faculty completed graduate pro- 
grams and taught in schools where technology 
was not a major part of the educational envi- 
ronment, it is not surprising that they tend to 
have limited experience with technologies for 
instruction. 

Teacher educators responding to the OTA sur- 
vey reported that they need help in integrating 
technology experiences into the courses they 
teach. A major effort to infuse technology into 
teacher education would include workshops, 
seminars, publications, and support materials de- 



veloped specifically for various areas of teacher 
education. 

Another attitudinal barrier among many teach- 
er education faculty is a tendency to separate in- 
formation technology from other components of 
the program such as subject matter content and 
professional practice skills. A methods instructor, 
for example, who is teaching cooperative leaming 
strategies, may view information technology as a 
topic competing for time in his or her curriculum 
rather than as an integral part of effective coopera- 
tive leaming strategies in the classroom. The ten- 
dency to isolate information technology, to put it 
in a separate "technology ghetto" in the teacher 
education curriculum, may be a major impedi- 
ment to integration across the cuiTiculum. The 
problem is comparable to teaching writing: are 
writing skills to be taught only by the English fac- 
ulty, or is it something all instructors should take 
into consideration? 

Another factor that influences faculty comfort 
level with technology is the perceived match be- 
tween technological applications and the theoreti- 
cal perspective of the faculty member. Some uses 
of technology in teacher education, such as drill- 
and-practice software, are based on a behavioral 
model, while others, such as interactive, multime- 
dia models, are based on a cognitive or construc- 
tivist theory. Staff development and support 
efforts should take theoretical perspective into ac- 
count and work with faculty within their preferred 
theoretical mode, unless an additional goal is to 
change underlying theory as well as encourage 
technology use. Researchers suggest both ac- 
tions — increasing technology use and changing 
pedagogical theory — can happen hand-in-hand.^^ 

Staff and Institutional Support 

Faculty in colleges of education, like K- 1 2 educa- 
tors, feel they need more staff support for technol- 
ogy; however, unlike those in K-12 settings, they 



" Willis el ill-, op. cil.. fcKilnolc 64. 

Barbara Means (ctl.), Ti rhiwloity uiu! Eduailion Reform (San Francisco, CA: Josscy-Bass Publishers, 1994). 
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are more likely to have some technical support 
staff available in their institutions. Half the faculty 
responding to the OTA survey said their college 
had a full-time computer lab manager, and over 
one-third said a full-time technician was avail- 
able. Unlike K-12 schools, additional support in 
COEs can be provided by graduate students who 
are comfortable with technology. 

Another potentially important barrier to 
technology use in COEs is lack of institutional 
support for technology use by faculty. Although 
the incentive system in institutions of higher 
education is different than in K-12 schools, these 
rewards (e.g., tenure, merit pay, or promotions) do 
not encourage COE faculty to develop curricular 
innovations, software, or other information 
technology applications. As one respondent said. 

At a major university, rewards come only to 
those who do research and writing. No time is 
available to retool (learn the necessary skills) 
and restructure classes accordingly. It's an excit- 
ing time in the development of more advanced 
instructional technology. Released time for 
hands-on information immersion would be ex- 
citing.''^ 

Only one-third of the faculty responding to the 
OTA survey said there were rewards for investing 
time in developing technology-based instruction- 
al materials or educational software instead of 
conducting more traditional research activities. 
About 40 percent of the faculty felt that the gener- 
ally low level of interest demonstrated by colleges 
or institutional leadership was an important prob- 
lem; only one in four did not see it as a barrier. 

It seems that, in general, the use of computer- 
related technology as a teaching and learning me- 
dium is employed much less in teacher education 
than would be expected, given what is being 
taught about its value to education in technology- 
related teacher education courses. The opportuni- 




Finding enough student teaching placements with 
enthusiastic, expert technology-using teachers is a challenge 
for many colleges of education, but it is a key to preparing a 
generation of teachers who are fearless with technology. 



ty for preservice teachers to experience models of 
computer-supported instruction before they try to 
manage it themselves is seldom available, sug- 
gesting the lack of synergy between computer 
education specialists and mainstream teacher 
education faculty.^^ 

MODELS OF CHANGE: 
LESSONS FOR THE FIELD^i 

What the survey data do not tell are the stories of 
COEs where changes have occurred and continue 
to take place, creating models for the field. There 
are colleges of education where technological 
tools are being implemented in ways that over- 
come some of the barriers of access, attitudes, 
training, and support discussed earlier in this 
chapter. These institutions, where technology 
support has been an intrinsic part of the vision of 
the teacher education program, share certain char- 
acteristics, including a required course that 
teaches students how to use technology, exposure 
to technology-rich K- 1 2 classroom environments. 



Willis ct al.. op cit., footnote 64. p. 89. 

Betty Collis, "A Renection on the Relationship Between Technology and Teacher Hilucation: Synergy or Separate EnuucsT' Journal of 
Information Technology for Teacher Ldiicalion. vol. .1. No. 1, 1994. pp. 7-2.1. 

The information in this section is excerpted, in large part, from Mergendoller ct a!., op. cil., footnote 61 . 
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and strategies tiial make technology transparent 
and intuitive to use.^^ In these institutions a num- 
Ixr of factors come together: institutional leader- 
ship, which translates into funding support and 
permission for faculty to explore new areas; colle- 
gia! support of changes; and close interaction with 
the K- 1 2 community the COEs are meant to serve. 

Even in colleges of education that might serve 
as implementation "models" for others — where 
basic operational knowledge of computer and 
educational technologies is acknowledged as im- 
portant for students and faculty alike — this em- 
phasis alone is not the vision driving the schools' 
technology training and support. Instead, what 
drives the use of technology is a vision of how 
educational technologies can solve instructional 
problems and provide curricular and administra- 
tive opportunities that could not be achieved as ef- 
ficiently or powerfully otherwise. In such 
instances — including the four colleges of educa- 
tion highlighted below — technology is not em- 
braced "because it's there," but because it is 
perceived to do important things better, more in- 
terestingly, or in entirely new ways. 

I University of Virginia, 
Curry School of Education 

The elementary school computer lab is crowded 
with 4th-grade students and their "teach- 
ers" — preservice education students from the 
Curry School of Education at the University of 
Virginia (UVA). Pairs of eyes focus on computer 
screens as elementary and university students 
work together to explore the possibilities of the 
software program KidPix. Movement is confined 
to wrists and fingers. Mouses click softly. Con- 
versations are serious and focused. After strug- 
gling a while, a UVA student asks his 4th-grade 
partner if they should ask for help. "Yeah, it's 
time," comes the unenthusiastic reply. They lean 
over to the 4th-grader sitting next to them. "How 
can we save this under another name?" they ask. 



"We want to use it as a starting point for another 
drawing." The neighboring 4th-grader reaches 
over, takes possession of the mouse, and demon- 
strates how to solve the problem. 

At the University of Virgmia's Curry School of 
Education, technology has been identified as one 
of the major strands within the teacher education 
program, and it is interwoven throughout the 
courses students complete as they work toward 
their degree. As part of this agenda, technology 
partnerships have been established with local 
schools to provide interesting and challenging 
field experiences for teacher education students, 
and simultaneously, to enrich the technological 
expertise of K-12 teachers. In addition, a state- 
wide telecommunications system has been inte- 
grated with the teacher preparation course 
sequence and with the daily work of practicing 
teachers. 

At its basic level, technology in the teacher 
education program at the Curry School involves 
three approaches to integration. First, the Curry 
School requires students to either take self-con- 
tained computer courses or demonstrate compe- 
tencies in specific areas covered in those courses. 
Second, the college encourages the methods fac- 
ulty to incorporate educational technologies into 
methods courses so students will have the oppor- 
tunity to observe and practice teaching methods 
involving technology use. And finally, the school 
funds student teaching placements with teachers 
who use technology in their daily work. 

There are, of course, challenges to these ap- 
proaches. Computer courses do not address indi- 
vidual curriculum areas and can perpetuate the 
sense that technology i:. a separate topic, isolated 
from instruction. Expecting methods instructors 
to include technology in their courses raises ques- 
tions of technological interest and expertise 
among those faculty. And finding enough student 
teaching placements where teachers are enthusias- 
tic and frequent technology users is difficult. 



Mcrgcndollcr ct al., op. cit.. footnote 61 . 
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The Curry School addresses these challenges 
through a schoolwide culture of technology use. 
This is reflected in several key factors, including 
support from the top by the dean, developing the 
technology expertise of faculty to serve as role 
models and provide support for their colleagues, 
creating technology-focused field experiences, 
and maintaining communications through a state- 
wide telecommunications network. 

The Dean's Role 

The dean's support of educational technology in- 
fusion into the Curry School and the teacher 
education program is one of the reasons why 
Curry has developed a solid reputation for inte- 
grating technology and teacher education. When 
asked about the technology focus, given all of the 
ways one could support a teacher education pro- 
gram, the dean said he recognized "the power of 
technology to improve teaching." 

Technology could enable teachers to make a dif- 
ference, and I felt we had to help those learning 
to be teachers to become competent technology 
users. I also saw, from a practical point of view, 
that you had to get ahead of the curve and stay 
ahead of the curve if you were going to distin- 
guish yourself as an institution. This meant we 
had to make an early and substantial investment 
in technology if it was going to make a differ- 
ence. Also, technology is ver>' exciting! Teacher 
education is kind of a stodgy discipline, and I 
thought technology would liven it up. Finally, I 
thought that making technology available to 
Curry School students would raise the status of 
teacher education. Our students would be get- 
ting something Arts and Sciences students 
didn't. When we got our first IBM classroom 
installed, faculty from the engineering school 
across the street came over to admire it. They 
didn't have anything like it!^-' 



The dean's support of technology is more than 
rhetorical; technology integration is funded from 
the budget of the Curry School, and discretionary 
funds make possible small grants to individual 
faculty members or departments for technology 
purchases so that any faculty member who says he 
or she needs a computer gets one. Furthermore, 
the dean and other staff have been aggressive in 
competing for technology funds available to all of 
the schools within the univers.ty. The Curry 
School has received more than $2 million in fund- 
ing from IBM, Apple, the National Science 
Foundation, and local telecommunications com- 
panies. 

Developing Role Models for 
Faculty Technology Expertise 

Using key faculty as role models for others is an 
important element in integrating technology 
across the college of education. At Curry, much of 
the initiative began with a faculty member^'* who 
was originally a member of the communications 
science program. His i ^.terest in and advocacy of 
computers and other educational technology have 
been critical in creating an educational climate 
that encourages Curry School teachers to experi- 
ment with educational technology and explore 
how technology can further their instructional and 
professional goals. His approach is one of pa- 
tience, and his time frame long-term: 

You need to think in a five- to 15-year time 
frame. It takes that long. You have to work with 
one faculty member at a time. You keep coming 
around and find something they're really inter- 
ested in. Everybody is not ready to swallow 
technology in exactly the same way at the same 
time. People are very reasonable; they will use 
technology if it makes sense to them. 



James Cooper was Dean of the Curry School of Education, University of Virginia, at the time of the OTA case study; he resigned from this 
position to return to teaching at the end of the 1 993-94 school year. Information taken from personal communication. Feb. 3. 1 994. Charlottes- 
ville, VA. Mergendollcr et al., op. cit., footnote 61 . 

Glen L. Bull, Professor of Instructional Technology, Curry School of Education, University of Virginia. 
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You have to remember that technology has lay- 
ers. There's the technological, and that is what 
everybody focuses on. But there's also the social 
and the institutional. Here you have to go one 
person at a time. You can't just have one or two 
stars and leave everybody else behind. The min- 
ute you define supporting the stars as your mis- 
sion, you are lost. It's a nibbling away process. 
The key is not to try to convince the faculty but 
to let them hold their views. Make sure you in- 
clude everybody — support both Mac and DOS 
platforms.85 

Currently about 20 percent of Curry School 
faculty use some form of instructional technology 
as a research focus, another 20 percent use it ex- 
tensively in their teaching to access and display 
information, and the remaining 60 percent limit 
their technology use to word processing and other 
personal productivity uses. One faculty member 
has been given time to work with the less techno- 
logically proficient faculty on the instructional 
uses of technology. A conference room with four 
networked computers (Macintosh and MS-DOS) 
has been set aside to provide for "walk-in" faculty 
consulting and development. Although graduate 
students have provided similar services in the 
past, this is the first time a faculty member has 
been assigned this role. While the arrangement is 
now a pilot program, if successful, it may become 
part of the Curry School's faculty development 
and support structure. 

There is also an Educational Technology Com- 
mittee, with one representative from each depart- 
ment in the Curry School. Now in its 10th year, the 
committee meets twice a month in meetings open 
to all faculty who wish to attend. The committee is 
responsible for identifying the overall technologi- 
cal direction to be taken by the Curry School, but it 
also serves as a technical and emotional support 
group. One member explained, "When I need to 



know something, when I need to know where to 
go, I find out here." 

Technology Field Experiences 

Over the last several years the Cuny School has 
embarked on a number of pilot projects to enable 
its students to use technology in their field experi- 
ences with K- 1 2 teachers and students. For exam- 
ple, in the spring of 1993, an after-school 
computer club was created to pair third-year 
teacher education students with a socioeconomi- 
cally and ethnically diverse group of 4th-grade 
pupils at a local elementary school. The club — 
which meets once a week in a computer lab at the 
school — enables the elementary students and su- 
pervising lab teachers to gain computer skills and 
build self-confidence, while the Curry School stu- 
dents acquire the practical experience working 
one-on-one with students. When the club meet- 
ings conclude, the Curry students return to the 
classroom and write reports to, "their" students' 
classroom teacher, make notes in a journal about 
the tutoring experience, and plan activities for the 
following week's meeting. 

Another pilot project is the Technology Infu- 
sion Program, pairing Curry School students with 
practicing teachers. The Curry students take a 
fifth-year course in instructional computing, sur- 
veying a range of instructional concepts. During 
the first half of the semester — after learning about 
a technology concept or software program — stu- 
dents try out "mini-projects" in a practicing teach- 
er's classroom. The focus of the class then shifts 
from learning a skill to practicing it. Later, Curry- 
students work on a more elaborate project with the 
teacher. Currently, to ensure success in the 
Technology Infusion Program, the number of par- 
ticipating Curry School students is limited to 20 a 
year.86 Part of the reason for this is that the Curry 



Glen L. Bull, personal communication. Feb. 4. 1994. as cited in Mergeiidoller et al.. op. cit.. footnote 61 . 

Although the overall enrollment at Curry is approximately l..^00 students, the majority of these are pursuing advanced degrees. The 
teacher education program is a five-year program, with approximately 100 students each year entering the program in their sophomore year. 
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staff are aware that small-scale success generates a 
momentum for expansion, and expansion can 
often overwhelm resources allocated to a project. 
As one professor says, "We're guinea pigs — or, 
better yet, canaries going down the mine. You 
have to go in very small steps . . . build on what 
has gone before."^' 

Virginia's PEN 

The Virginia Public Education Network (Virgin- 
ia's PEN) directly serves Curry School students. 
Virginia's PEN is a distributed network that began 
in the mid- 1 980s as Teacher-Link, a network con- 
necting the teachers supervising Curry School stu- 
dent teachers, and the student teachers themselves 
with the Cuny School faculty.^^ It also provided 
participating public schools with access to the In- 
ternet. Today, the network is the literal and figura- 
tive backbone to educational telecommunications 
in Virginia. As of 1994, Virginia's PEN connected 
2,000 public schools in 137 districts to the Inter- 
net, providing a seamless telecomputing network 
that links (via a toll-free number) all Virginia 
schools from kindergarten through graduate 
school. 

While Virginia's PEN duplicates some com- 
munications and conferencing services often pro- 
vided by commercial networks, such as America 
Online, it also provides services designed specifi- 
cally for K- 1 2 teachers. The services are organized 
by "pavilions," and each pavilion has its own 
moderated conference, projects, and listings of 
instructional and staff development resources by 
subject area. Students communicate with each 
other. Curry School faculty and staff, and K-I2 
teachers to discuss projects and problems, and 



present solutions. The result is an extended Jeffer- 
sonian academic village^^ online, connecting 
Curry students, K-12 teachers, and Curry faculty. 

Lessons Learne(fi° 

A number of important lessons can be culled from 
the experiences at the Curry School: 

■ Rather than mandating the use of educa- 
tional technology, look for pockets of oppor- 
tunity and exploit them. The culture of 
technology use is built on a social foundation. 
Helping individuals to work more effectively 
by introducing them to appropriate technology 
will secure their general support of technology 
use and establish a critical mass of users. The 
expectations of this critical mass will encour- 
age the growth of a technology-using culture 
within the school. 

■ Preparing preservice teachers and their pro- 
fessors to use technology takes a long time. 
It is essential to maintain a realistic time frame 
of at least three to five years. 

■ When introducing a technological innova- 
tion, go slow. Too slow is preferable to too fast. 
New technology is inherently "buggy"; plan an 
implementation schedule that allows enough 
time to work out problems. 

■ Focus on the current experience and needs 
of the individual technology user. Preservice 
teachers and faculty vary in their technological 
expertise and anxiety. Necessary training time 
will vary. Adequate time must be provided to 
support the technophobic as well as the 
"techies." 

■ Educational technology infusion needs to be 
an interdepartmental endeavor. By involv- 



Bull, op. cit., footnote 85. 

88 Funding was provided by the Curry School. IBM Academic Information Systems, and the Centel telephone company. At the time it was 
created, the network was known as Teacher-Link and. in addition to communications for teachers, it gave participating public schools access to 
the Internet. By the end of the decade, the Virginia Dcpaitment of Education agreed to institutionalixe It statewide. 

89 Thomas Jefferson. President of the United States, founder of the U.S. Patent Office and supporter of innovation, also founded and de- 
signed the University of Virginia to extend his own vision of an "academical village." 

These and the lessons learned in subsequent sections are based on the anal ysis of the OTA contractors' observati(ms andcxtensive discus- 
sions with the faculty at the various schools. 
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ing faculty from all program areas, and making 
decisions about technology purchases an inter- 
departmental undertaking, turf wars over 
technology can be minimized. 
■ Technology replacement and upgrade costs 
should be included as a regular line item in 
the operating budget. While special grants 
can increase hardware and software, consistent 
long-term support is needed. 

I University of Wyoming, 
College of Education 

Wyoming has developed an impressive, well-ar- 
ticulated plan to enhance the technological capa- 
bilities of present and fliture teachers and the K- 1 2 
students they serve. In the late 1980s, the public 
schools and the university developed a new model 
for teacher education in which each sector would 
play a role in educating students and teachers 
about technology. The university's college of 
education would infuse technology experiences 
throughout a redesigned teacher preparation pro- 
gram. The districts would provide placements for 
aspiring teachers where they could receive hands- 
on experience and also be exposed to some class- 
rooms that were not so "computer-rich." 

The support for Wyoming's program stems 
from the bottom-up manner in which the mandate 
for technology was developed. School reform was 
the vehicle for creating a plan that is designed to 
meet the overall needs of education throughout 
the state. Computer skills, specifically, were seen 
as integral to children becoming productive citi- 
zens. There is a strong commitment to improve 
the technological skills of teachers, both preser- 
vice and inservice, that is shared by individual 
school districts, the state department of education, 
and the University of Wyoming. 

The College of Education at the University of 
Wyoming is a pioneer in the use of several in- 
formation technologies that have promise for ex- 
tending the reach of a university and for 
interconnecting school districts in useful ways. 
These technologies include interactive com- 
pressed video, audio teleconferencing, and elec- 
tronic mail on the Internet. 



The University of Wyoming is the only four- 
year teacher education institution in Wyoming — a 
huge state with its population distributed in small 
towns and rural pockets at great distances from 
one another. As a result, outreach has always been 
a priority for the university, and the college of 
education in particular. Many inservice courses 
are offered through extension, and there is a large 
item in the school's budget to cover the cost of car 
and air transportation for faculty who teach these 
courses. But extension teaching in a sparsely pop- 
ulated northern state is difficult for a number of 
reasons. The distance problem is not only one of 
transporting faculty to a distant site, but of having 
sufficient students in any one location to justify 
offering a course. In a given semester, there may 
be only a few teachers or administrators in any one 
town who need a particular course. In addition, for 
five months of the year there are unpredictable and 
often severe snowstorms that make travel treach- 
erous and make it difficult to bring any group 
together on a regular basis. Because of the chal- 
lenges created by distance, technology has be- 
come a necessity, not an extra. 

Unking Schools to the University with ICV 

In 1 990, when the governor announced the avail- 
ability of monies from an education trust fund and 
invited proposals, several educational groups 
joined forces and responded. The university's 
School of Extended Studies, the College of 
Education, the state Department of Education, and 
a number of public school districts were all in- 
terested in two-way interactive video commu- 
nication. The state Telecommunication Office 
proposed the creation of a telephone network ca- 
pable of supporting interactive compressed video 
(ICV) by using the excess capacity of the existing 
state Data Network Backbone. ICV is a form of 
television transmission that requires less sophisti- 
cated equipment than typical broadcast television. 
Unlike one-way broadcast television, ICV sup- 
ports groups at two or more sites interacting with 
one another. This technology would make it pos- 
sible to overcome the long distances that sepa- 
rated the districts from the university and from 
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one another. It would facilitate both inservice 
training of existing teachers and mentoring of 
preser\'ice teachers in their district placements. 

Student teaching placements are part of Wyo- 
ming's "Phase Program," begun in 1992, in which 
teacher education students pass through three 
phases of increasingly intense clinical involve- 
ment in schools around the state. For students who 
choose a career in teaching early in their under- 
graduate career, four out of eight semesters that 
comprise their undergraduate degree program in- 
clude placements in K-12 schools. Each phase has 
clearly stated expectations for the technological 
proficiencies students must exhibit at the end of 
the phase. By the end of the program, each student 
should meet the college's new requirements for 
technological competencies. 

Together, the public schools and the university 
developed a new model for teacher education in 
which each plays a role in educating students and 
teachers about technology. The districts provide 
placements for aspiring teachers where they can 
receive hands-on experience with some of the best 
model programs and also be exposed to the reali- 
ties of the less computer-rich classrooms. The 
placements are in model schools, called Centers 
for Teaching and Learning (CTLs). A CTL is a 
school whose teachers and administrators have 
engaged in a lengthy process of renewal, examin- 
ing its mission and redefining its curriculum and 
instructional approaches in ways that recognize 
this mission. Each CTL has identified master 
teachers to serve as mentors for university stu- 
dents assigned to the district. In addition, each dis- 
trict has identified Clinical Teachers, partially 
paid by the university, who supervise college stu- 
dents when they are present in the district. 

This model would not be possible without 
technology. The interactive compressed video 
system is used to maintain a regular connection 
between the university and the district. Two or 
three times a month, the university and district 
hold electronic meetings where students give 
progress reports on their experiences and respond 
to teaching-learning issues posed by their univer- 
sity professors. District clinical teachers set the 
context and facilitate student reporting. 



Another use of ICV is to support school renew- 
al efforts around the state. Under project VEIN 
(Video Education Interactive Network), school- 
university teams develop seminars and courses to 
support various aspects of school restructuring 
and curriculum improvement. Although still new, 
ICV is being used experimentally in a variety of 
applications. For example, faculty in the college 
of education's counselor education program have 
set up a monthly "town meeting" where counsel- 
ors in outlying districts can go online to share 
ideas about different issues. A difficult issue for 
Wyoming at present is trying to expand the ICV 
networic, since costs for installing the interactive 
compressed video remain high. 

The Role of a Laboratory School 
Within a College of Education 

Laboratory schools — common in the past — are 
actual schools connected with colleges of educa- 
tion, where prospective teachers can gain much of 
their teaching experience. However, many COEs 
closed their lab schools in the 1950s and 1960s, in 
part, because the students in lab schools were 
traditionally the children of university faculty, and 
many were concerned that teacher candidates 
would not be exposed to a range of students in the 
lab schools. 

Since then, many COEs have developed 
instead Professional Development Schools 
(PDS) — a public school outside the university but 
serving many of the same functions as previous 
l;ib schools. Wyoming has both these institutions: 
a series of Professional Development Schools that 
play an important role in educating future teachers 
about appropriate roles for technology, and a lab 
school located in the same building as the college 
of education. The lab school's proximity to the 
university and its technological advances com- 
bine to give it primacy among the professional de- 
velopment schools in Wyoming. There may be 
other schools in Wyoming equally advanced tech- 
nologically, but they are at a great distance from 
the campus at Laramie. The Phase Plan is good for 
immersing education students in real schools; the 
ICV technology is promising for interconnecting 
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CTLs and the college of education; but the physi- 
cal proximity of the PDS — coupled with the fact 
that the school 's students can share resources with 
the college — makes it an unusually rich resource 
for learning about technology. Almost daily an 
education student might be sitting next to a middle 
school student who is using computers in interest- 
ing ways. When it comes to learning about 
technology — a rapidly changing field — Wyo- 
ming has found its laboratory school to be a valu- 
able resource. 

Lessons Learned 

At the University of Wyoming College of Educa- 
tion, a number of lessons are directly related to the 
fact that Wyoming is in a unique geographic set- 
ting where vast distances and severe weather pat- 
terns often dictate schedules. There are general 
lessons to be shared, however: 

■ Changes at the college of education that are 
embedded in public school reform will more 
likely have a long-standing impact on the 
way teachers are prepared. Long-term 
change has a better chance of surviving if it is 
nurtured at the bottom and supported from the 
top, rather than being mandated from the top. 

■ Informal learning communities can be 
created that involve technology at all levels 
and each level can assist the others to do 
their best. In some cases, the K-12 students 
themselves learn the technology and help their 
teachers find ways to use it. Teacher education 
students placed in these settings learn that all 
expertise does not reside in the teacher, a valu- 
able lesson. 

■ A lab school within a college of education or 
a professional development school nearby 
may be an extremely valuable — and conve- 
nient — resource for teacher education stu- 
dents. It can be a particularly useful testbed for 
new uses of technology. 

I University of Nortliern iowa, 
Coiiege of Education 

At the University of Northern Iowa (UNI), a pro- 
fessional development/laboratory school has also 



proved a unique asset, modeling technology use 
and utilizing remote video to bring classroom ex- 
posure to teacher education students. As in Wyo- 
ming, the lab school at UNI is to teaching what a 
research hospital is to a medical school. A recently 
installed fiberoptic network connects the lab 
school to the college of education, so faculty can 
"ship" classroom video to methods classes. This is 
part of a pilot project that allows video from any of 
the 48 classrooms at the lab school to be sent to 
classrooms in the college of educatic .. Using a 
portable control unit that can be wheeled into 
classrooms, the model also relies on two profes- 
sional-quality video cameras and several micro- 
phones in a classroom for transmission. (The 
transmission is also videotaped so it can be used 
later for anyone who misses it, or for reflection on 
teaching practices.) The lab school has its own 
technology committee that encourages diffusion 
of technology throughout the school. 

Two video classrooms at UNI are also used for 
distance education courses. For example, if class- 
room teachers want to take additional classes so 
they can be certified to teach students with disabil- 
ities, the course is offered in the video classrooms 
with a UNI professor as part of thi^ Iowa Commu- 
nications Network (ICN). ICN is used by both 
education and state agencies. 

Technology and Student Teaching 

The entire state of Iowa has a population of around 
three million. The number of UNI students who 
do classroom observations and student teaching is 
far greater than the university's local area (with a 
population of about 100,000) can handle. With 
over 700 students to place in student teaching each 
year — and because many schools in Iowa are not 
culturally diverse — UNI places students through- 
out the state, and in other states and countries. 
There is, for example, a full-time UNI faculty 
member in San Antonio, Texas, where (in the 
spring of 1994) 28 UNI students did their student 
teaching in the diverse, multicultural local 
schools. Other UNI students have done student 
teaching in Nebraska, Kansas, Oklahoma, and 
Egypt. 
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To deal with hundreds of student teachers 
spread across the state and nation, UNI has orga- 
nized students into clusters, 10 of which are in 
Iowa. The clusters are made up of all the student 
teachers in a region along with a UNI faculty 
member assigned to that region to support the stu- 
dents, the collaborating teachers, and other pro- 
fessionals, including the 85 members of the UNI 
Teaching Associates Cadre (a group of master 
teachers in Iowa schools who participate in collab- 
orative projects including revising and improving 
student teaching experiences). UNI also funds a 
clinical supervisor for each of the centers in the 
state. This is a half-time position for a local school 
district employee, who works with the UNI facul- 
ty member assigned to the region, to supervise 
student teachers. 

With such a diverse and dispersed group partic- 
ipating in student teaching, communication and 
coordination are major problems. To deal with 
these problems, a UNI group created a teleconfer- 
encing system that allows students, faculty, and 
cooperating teachers who have access to a person- 
al computer and modem to exchange electronic 
mail and participate in a wide range of electronic 
conferences. The system has been in place for al- 
most 10 years and staff and students have both felt 
the benefits. Conferencing on "caucus" may take 
the form of public discussion of items which any- 
one on the conference may read, or private mes- 
sages. Participants with diverse perspectives are 
able to contribute freely and at their own conve- 
nience to continuous discussions related to teach- 
er education. Students, faculty, practitioners, and 
administrators — though separated by hundreds of 
miles — have an avenue for mutual problem solv- 
ing and the exchange of ideas. 

Prior to the electronic conferencing system, the 
10 faculty coordinators met face-to-face on cam- 
pus once a month to discuss matters relating to 
teacher preparation. Now they are in almost daily 
contact through the network. This has had multi- 
ple effects. First, it has increased the sense of con- 
nectedness for the faculty coordinators — both 
among themselves and with campus colleagues. 
Second, it has improved the productivity of the 
monthly face-to-face meetings. With the regular 



contact in between meetings, more work can be 
accomplished so that face-to-face meetings con- 
centrate on matters that can best be handled in that 
medium. Further, the work of the group is en- 
riched by the addition of the clinical supervisors 
and the cadre members. The network helps forge 
relationships between the academic and the practi- 
tioner, a connection vitally important for a college 
of education. 

The dean and a faculty member describe bene- 
fits of the electronic mail/conferencing system for 
student teachers: 

The student teaching experience is an intense 
and crucial, formative experience. It is a time 
when all the preparatory training and experience 
is brought to bear in an actual classroom experi- 
ence of significant duration. In a conventional 
student teaching situation, the student teachers 
have access to the cooperating teacher in whose 
classroom this experience is taking place, the 
supervising faculty member from the university, 
and their peers in weekly face-to-face seminars. 

The addition of the computer conferencing 
networks to this experience accomplishes sever- 
al important things. First, it expands the re- 
source base for the student teacher. In addition to 
the available resources mentioned above, the 
student can now have access to faculty coordi- 
nators, clinical supervisors, and peers across the 
state. Furthermore, the students may now have 
access to resource people back on campus in- 
cluding professors in the content areas or meth- 
ods areas, or library and media staff. We have 
had student discussions taking place on the sys- 
tem with library resource people who were fol- 
lowing the online discussions. On occasion, the 
resource people would enter the discussion, not- 
ing that there was material available in the UNI 
library for a problem the student seemed to be 
having. The student would acknowledge that the 
material would be helpful and the material was 
mailed immediately on loan. Similar offers of 
counsel from supervisors and peers represent 
significant enhancement of resources during 
this critical period. 

Second, the student has an alternative and 
supplementary communication medium. Given 
peoples' schedules and relative comfort levels 
with face-to-face communication, this network 
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represents another way to connect with those 
who can be of help during the student teaching 
experience.^' 

Outreach is a large part of UNI's daily opera- 
tions, and the teleconferencing system is also used 
for outreach activities in which school administra- 
tors around the state present problems or pose 
questions for input from UNI faculty and other ad- 
ministrators. 

Lessons Learned 

A number of lessons have been learned from the 
process at UNI: 

■ Institutional support and recognition from 
the university leadership are important. At 

UNI the central administration demonstrates in 
many ways that teacher education is an honor- 
able and valued part of the university 's academ- 
ic mission. The often unspoken but understood 
opinion of an institution's leadership about 
teacher education can facilitate — or hinder — 
reform efforts. Institutional support can be nur- 
tured and encouraged, especially with leadership 
from a dean who supports technology. 

■ Major changes do not always require grants 
or additional funds. Neither the university nor 
the college of education are well endowed. 
Most of what UNI has accomplished has been 
done by reallocating existing funds. Over a pe- 
riod of seven years, UNI made many internal 
adjustments in personnel, budget allocations, 
and priorities to boost technology-related ini- 
tiatives. 

" Grassroots leadership across the college is 
critical, too. Which technologies are supported 
and how they are used was decided by college 
of education faculty, department heads, and 
program coordinators. The dean was a support- 
er, but the faculty took ownership of the 
technologies in use. 



■ New faculty can be a significant factor in 
supporting technology. Over the next decade 
the majority of faculty in many colleges of 
education will change through retirements or 
resignations. As search committees are formed, 
hiring faculty who use technology in the 
courses they teach can be an effective way of in- 
creasing the percentage of faculty who inte- 
grate technology into teaching. 

■ Identify people with the talent and interest 
to succeed in technology reforms. Do not 
spread resources thinly, across people or across 
areas of technology concentration; UNI, for ex- 
ample, has chosen to emphasize telecommu- 
nications, rather than cover all technologies. 

■ K-12 teachers can be a significant source of 
leadership. Much of what UNI teacher educa- 
tion students see and learn about technology in 
education comes from the innovative uses in 
the lab school. Also, since about 90 percent of 
the lab school faculty use technology in their 
classrooms, they are another source of influ- 
ence on traditional teacher education faculty. 

■ Do not push technology. UNI's approach to 
technology diffusion targets problem areas — 
such as communicating with scattered student 
teachers — and suggests ways technology can 
improve the quality of instruction. 

I Vanderbilt University, Peabody College 

Teacher education students at Peabody College 
use technology extensively as an integral part of 
their professional preparation. Peabody's ap- 
proach to teacher education attempts to duplicate 
the richness and complexities of a K-12 school 
setting using a blend of video and computers, pri- 
marily through video case studies of teachers in 
real classrooms. This approach brings to preser- 
vice teachers a clinical experience previously not 
possible. 



Mike Waggoner and Thomas Switzer (1991), as quoted by Mergendoller et al.. op. cit.. footnote 61, p. 27. 
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A number of factors make Peabody 's approach 
feasible. A relatively small number of enrolled 
students — about 20 percent — are preparing to be- 
come classroom teachers, so the student-to-teach- 
er ratio is low. Also, an onsite research and 
development center, the Learning Technology 
Center, has for a decade investigated complex 
teaching and learning issues in K- 1 2 education, so 
the college has been influenced by the center's 
findings over the years. In addition, teaching is 
highly valued by Vanderbilt's leadership, with the 
chancellor an outspoken advocate for the profes- 
sion — as well as for technology. 

Building Technology on a 
Constructivist Learning Base^^ 

Cognitive science is a highly respected specialty 
at Vanderbilt. There are faculty groups pursuing 
this in both the College of Arts and Science and 
Peabody College. The long-standing interest in 
the science of human learning has shaped much of 
Peabody 's technological contributions. It seems 
quite natural that themes of learning, teaching, 
and technology permeate Peabody College. The 
dean of Peabody summarized the college's per- 
spective in this way: 

Our goal has been to find ways that advanced 
technologies can capitalize on what cognitive 
science has learned about knowledge and its ac- 
quisition, and the social process of learning, to 
design environments that assist teachers and stu- 
dents in the transaction of the learning process. 
This contrasts with the beliefs of some who have 
assumed wrongly that learning is a singular ac- 
tivity and that technologies will transform 
education by totally replacing tcachere.^-^ 

For the last decade, Peabody College has been 
developing innovative uses of technology to en- 
hance learning. With deep roots in cognitive sci- 
ence and an interest in constructivist learning 
principles, researchers at Peabody 's Learning 



Technology Center developed a series of techno- 
logical experiments to test a new approach to 
learning. In the early 1980s, they were studying 
that bane of 5th-grade math — the story problem. 
Sensing that the problem for most students lay not 
in their math skills but in the abstract quality of the 
story problem itself, they sought to "anchor" the 
problem in a rich story context. They caught the 
attention of many educators when they put on vid- 
eodisc portions of the popular Hollywood movie 
Raiders of the Lost Ark and made the disc into an 
experimental anchor for problem-solving instruc- 
tion. Viewers were asked to solve problems such 
as estimating the breadth of a pit-trap and the 
height of a tomb door using only the information 
that Indiana Jones, who stood next to the pit and 
the door, was 6 feet tall. 

Later, sensing the limitations for school-based 
instruction of a made-for-entertainment video, 
they began developing a special purpose adven- 
ture video that would support mathematics 
instruction in the middle grades. Titled the Adven- 
tures of Jasper Woodbury, it contained (eventual- 
ly) a number of real- world, compelling problems 
that required problem-solving skills and math to 
solve. 

Other projects emerged built on the same an- 
chored instruction philosophy. In time, various 
faculty recognized the potential of the anchored 
instruction approach for teaching college students 
how to teach math. These insights fit nicely with 
the growing recognition in the 1 980s of the impor- 
tance of case-based instruction to provide oppor- 
tunities for novice teachers to confront the 
complexities of instructional decisionmaking. 
When, in the late 1980s, funding opportunities for 
new teacher education materials became available 
from several federal agencies (the National Sci- 
ence Foundation, the Fund for the Improvement 
of Post-Secondary Education, and the U.S. De- 
partment of Education), a cadre of Peabody educa- 



Constmclivist learning icfcrs to a view of learning in which students ciinstruct their <n\ n knowledge based on exploration, evaluation, 
anil revision of ideas, drawing on prior knowledge iind understanding. 

James Pellegrino. as cited in Mergendoller et al.. op. cit.. footnote 61 , p. 5.^. 
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At Peabody College, Vanderbilt 
University, 'video cases' are used 
by teacher educatior) students to 
view teachers in action in the 
local schools. A videodisc 
controlled by HyperCard software 
allows the teacher education 
students to watch any number of 
video segments in any order It is 
also possible for the students to 
stop the video at key points and 
enter their own comments in an 
electronic notebook, which is 
collected and reviewed by the 
college instructor 
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tors applied for monies to extend the anchored 
instruction approach to the training of future 
teachers. Several of their products are centered on 
technology. 

Peabody Integrated Media Approach 

The Peabody Integrated Media Approach (PIMA) 
extends the anchored instruction model by using 
videotaped cases of real teaching, which are then 
brought to the college classroom for viewing and 
discussion as a way to build the clinical skills of 
potential teachers. Although it is no substitute for 
actual experience managing a classroom of chil- 
dren, PIMA is a valued contribution to the educa- 
tion students' understanding of teaching practice 
and also indirectly builds their computer skills. A 
basic assumption of Peabody 's approach is that 
teachers cannot be told how to practice profes- 
sionally; in other words, readings and lectures 
alone do not provide the full scope of what they 
will face in the classroom. 

Whether in reading and language arts or math 
education class, teacher education students at Pea- 
body do more than just watch a teacher in action; 



they use video footage of classroom teachers — 
which has been converted to videodisc and is con- 
trolled by computer — to analyze and discuss 
teaching styles or strategies and comment on the 
teacher's performance. In the math education 
class, for example, students use HyperCard to con- 
trol the videodisc presentation, so they can jump 
forward to a different part of the video or review a 
segment already seen. Students can stop the video 
at key points, enter comments in an electronic 
notebook, and print out their comments. The note- 
books are collected electronically at the end of the 
class for the instructor to read. 

Virtual Professional Development 

For more than eight years, Peabody faculty have 
been developing a variety of electronic supports 
for teacher education, including electronic lecture 
outlines with "buttons" accessing bibliographic 
references, video illustrations or other informa- 
tion the instructor might want to use during a class 
discussion, video-based cases for analysis, 
instructional resources for preservice teachers 
(sample lesson plans, activities materials, etc.). 
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miscellaneous class assignments, and so on. 
These materials are organized in a virtual environ- 
ment called the PPDS — Peabody Professional 
Development School (see figure 5-1). 

PPDS is a hypermedia map of a school that 
links students to these different resources by call- 
ing for them in the appropriate place. For exam- 
ple, the resources are organized into "rooms" and 
are accessed through icons, such as furniture or 
objects in the rooms. Students "entering" the 
PPDS sign in at the virtual office by logging onto 
the system. The PPDS offers a variety of activi- 
ties; for example, the Demonstration Classroom is 
a "place" where preservice teachers can watch 
assigned elementary school math and science 
lessons or check the filing cabinet for more re- 
sources, written lesson plans, or additional in- 
formation about the math involved. 

Each time students use the PPDS they not only 
access useful materials, but also become more fa- 
miliar with the technology. More recently, educa- 
tion students have been creating and entering 
materials into the PPDS resource files; previously 
only Peabody faculty contributed materials. All 
the data have been organized, indexed, and en- 
tered into the school's integrated media database, 
and it is now available for future teacher education 
students. This type of activity provides opportuni- 
ties for teacher-education students not only to be- 
come more facile with technology, but to develop 
a sense that technology can be an integral part of 
the teaching/learning process. 

Lessons Learned 

The Peabody approach to teacher education in- 
volves approximating the richness and complexi- 
ties of the K- 12 school using a blend of video and 
computers. These "simulations" of the realities of 
teaching practice are then brought to the college 
classroom to build the clinical skills of would-be 
teachers. PIMA brings to the education of preser- 
vice teachers a clinical experience heretofore not 



possible. While not a substitute for actual experi- 
ence managing a classroom of children, PIMA 
makes a valuable contribution to students' under- 
standing of teaching practice while indirectly 
building their computer skills. There are a number 
of factors that make Peabody unique: 

■ The Learning Technology Center is clearly 
a catalyst that shapes fundamental ideas on 
the Peabody campus. LTC is largely self-sup- 
porting through funds generated by multiple 
funded research projects,^'* and it has become 
a sort of Mecca for educators worldwide. Many 
of the advances at the education school are di- 
rectly related to advances at this research and 
development center. The Peabody model pro- 
vides strong support for research and develop- 
ment efforts in education, not just in the hard 
sciences. 

■ Enhancing the technological skills of the na- 
tion's teaching force — both preservice and 
inservice — is not simply a matter of provid- 
ing them with classes and workshops where 
they can learn the well-accepted approaches to 
technology use in classrooms. The develop- 
ments at Peabody are a result of the technology 
research and development efforts of the faculty 
itself, and the faculty's access to a rich array of 
resources. 

■ It is expensive to design and develop the vid- 
eo cases and related electronic materials 
used by Peabody. These costs have been un- 
derwritten at Peabody by a combination of 
funds from the college, Vanderbilt University, 
business and industry, and various federal 
sources. 

■ It is not clear how easily teacher-education 
faculty at other institutions could adopt Pea- 
body's electronic resources "off the shelf 
and benefit from Peabody's considerable ex- 
perience in setting up their own integrated 
media approach to teacher education. But 
these resources (the video cases and related 



' Several federal programs have eonlributed lo the Learning Technology Cenier"s researeh. including the National Science I 'ouriclation and 
the U.S. Department of Education's Fund for Improvement of Post-Secondary Education. 
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FIGUR^ 5-1: Peabody College's Virtual Professional Development Scfiogl 




7b organize all the resources available to teacher education students, Peabody has created a virtual environment called the 
Peabody Professional Development School. PPDS is a Hypermedia map of a school, each room represents different resources. 
By clicking on the icon — for example, the conference room in this illustration— students have access to 'conference' resources, 
such as a flip chart. By continuously clicking on the appropriate icons, students can browse and navigate their way through 
PPDS to access materials that will help them achieve instructional goals. 
O SOURCE PL-nbody Colleae at Vancterbill University . . 
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"contents" of the Peabody Professional Devel- 
opment "School") have characteristics that are 
different from both college textbooks and 
printed case studies used in business-school 
education programs. 

" The clinical approach to teaching entailed in 
PIMA requires a lot more time and involve- 
ment from college instructors than the 
traditional lecture/discussion formats that 
characterize much of college teaching. To in- 
duce faculty at other institutions to adopt PIMA 
may require additional incentives. 

» Implementation of PIMA requires an expen- 
sive infrastructure — both a technological in- 
frastructure (computer laboratories) and the 
staff to keep it working. 

CONCLUSIONS 

These examples are promising, but they represent 
a limited scope of the potential for improving 
technology use within teacher education and, 
more importantly, improving teacher education 
overall with technology. As discussed earlier in 
the chapter, there is no central source for collect- 
ing data, sharing experience, or evaluating the ef- 
fectiveness of teacher education in general, and 
certainly not for technology in teacher education 
in particular. Although advances such as telecom- 
munications networks offer resources, without a 
road map there is no guarantee that the "informa- 
tion superhighway" will be used by teacher educa- 
tors, K-12 educators, or their students, or that it 
will open up new worlds for them. But several 
conclusions can be drawn about the current status 
and possible future directions of teacher prepara- 
tion. 

Reform of teacher education should accom- 
pany any significant reform in K-12 education. 

However, this is a challenging task, given the gen- 
eral status of colleges of education in the univer- 
sity hierarchy, the exclusion of colleges of 
education from much funding at the state and fed- 
eral levels, and the overall lack of priority given 
COEs in terms of funding or support for reform ef- 
forts. Enhanced resources for COEs that coincide 
with each national push for K-12 reform may in- 
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crease the likelihood of real changes at both 
levels. 

Furthermore, if technology is to break out of 
the isolated role it plays today and become an inte- 
gral part of the teacher education curriculum, 
several things must happen. An integrated cur- 
riculum infused with information technology 
requires that teacher education faculty and 
cooperating K-12 teachers model effective 
instructional technology use. This interaction 
between K- 1 2 schools and teacher education pro- 
grams is an important, generally overlooked vari- 
able. It requires considerable training and support 
for current K-12 educators and for teacher educa- 
tion faculty in all segments of the teacher prepara- 
tion program. Like K-12 educators, teacher 
education faculty need to see how information 
technology supports and facilitates instruction in 
their content or professional area. 

Teacher education faculty need help inte- 
grating technology into the courses they teach. 
Since the majority of teacher education faculty 
completed graduate programs and taught in 
schools where technology was not a major part of 
the educational environment, it is not surprising 
that they tend to have limited experience with 
technologies for instruction. But simply telling 
teacher education students about what is possible 
is not enough; they must see technology used by 
their instructors, observe uses of technological 
tools in classrooms, and practice teaching with 
technologies themselves if they are to use these 
tools effectively in their own teaching once they 
graduate. 

Colleges of education have much to learn 
from one another, and technology can be a 
catalyst to make the necessary connections. 

Teacher education programs need to provide con- 
siderable support, create and disseminate tradi- 
tional and electronic resource materials, and 
revise incentives within teacher education to en- 
courage teaching that integrates technology in 
instruction. A comprehensive strategy necessi- 
tates different instructional approaches in teacher 
education, such as video cases of teachers using 
technology in their classrooms, teaching lessons 
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and activities for education students involving the 
use of technology, and supervising development 
and teaching of technology-supported lessons in 
cooperating schools. These approaches are not 
easily accomplished — all are expensive and re- 
quire changes in the skills, perspectives, and 
attitudes of teacher education faculty and admin- 
istration — but they are needed nonetheless. 

College of education administrators are key 
players in any effort to improve preparation 
programs. Almost all of the universities consid- 
ered exemplary in this area have deans and depart- 
ment chairs who see technology preparation as 
critical. Conferences, workshops, and publica- 
tions for education leaders would make COE ad- 
ministrators and non-technology oriented faculty 
aware of needs and alternatives. Technology "gu- 
rus" in COEs should be encouraged to publish ar- 
ticles, make presentations, and offer workshops 
tailored to the needs of the nonspecialist, to extend 
their expertise to their less technology-oriented 
colleagues. 

Limited technology resources are an issue 
for colleges of education. A reading instructor 
who decides to change textbooks for an introduc- 
tory reading methods course does not necessarily 
set about to write his or her own textbook; he or 
she has a choice of at least a hundred texts already 
in print. If that same instructor decides to use Hy- 
perCard stacks or video cases of effective integra- 
tion of technology in reading instruction, there are 
very few choices. The instructors may indeed be 
faced with the prospect of writing their own stack 
or creating their own video, and the COE needs to 
be prepaied to support such innovation. 

A few grant programs have targeted the cre- 
ation of technology-supported materials for 
teacher education, but more support is needed. 
For example, the major video material for teacher 
education developed at Vanderbill University and 



other institutions has been funded by federal, 
state, and corporate grants. 

In addition, a national clearinghouse or dis- 
tribution center for such materials is needed. A 
nonprofit clearinghouse that reviews submissions 
and accepts them for distribution, duplicates 
disks, or designs and produces supporting docu- 
mentation and manuals would be a significant 
contribution to reducing the barriers to greater use 
of technology in teacher education. Many devel- 
opers of such materials are not as concerned with 
making a profit, as they are on seeing their materi- 
als distributed to other teacher educators. Re- 
sources such as the Internet offer possibilities for 
broad dissemination of such materials. 

Recognition of the importance of technology 
in tea cher certification is gaining momentum. 
States take various and often mismatched ap- 
proaches to certification and technology require- 
ments. But guidelines do exist — such as those 
developed by the International Society for 
Technology in Education — and perhaps more 
need to be developed to help states figure out what 
teachers need to know about how to use technolo- 
gy effectively. 

Colleges of education, states, and K-12 
schools need to work together to develop a set 
of shared expectations for joint reform efforts, 
with a close eye to the role of technology in the 
reform. COE faculty rarely work with other agen- 
cies — such as school districts or state education 
agencies— -on projects related to technology in- 
tegration, in part, because K-12 reform and COE 
reform are typically considered separate issues. In 
fact, the two are directly related. New teachers 
leave COEs and enter classrooms where they in- 
evitably face a multitude of challenges. Perhaps, 
as one educator suggests, the first step in terms of 
technology knowledge ought to be to "make the 
teachers fearless" in their attitude about tech- 
nology.^^'' 
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SUMMARY OF KEY FINDINGS 

■ The federal government has played a limited role in technolo- 
gy-related teacher development compared with states, univer- 
sities, and school districts. In addition, the federal investment 
in technology-related teacher development has been less than 
that for educational technology hardware and software. 

■ Even so, past federal programs have piloted innovative educa- 
tional applications of technology for teachers by providing sig- 
nificant support for professional development for particular 
groups of teachers, including mathematics, science, and spe- 
cial education teachers, and by providing funding for technolo- 
gy-related professional development in school districts that 
could not have supported it on their own. 

■ From the 1950s through the 1970s, the federal government 
funded several efforts to influence teacher training in technolo- 
gy-related areas; key programs included National Science 
Foundation teacher institutes, programs to improve teacher 
training and materials for children with disabilities, programs 
to familiarize teachers with instructional media and education- 
al television, and initiatives to reform teacher preparation or 
spur innovation in K-12 education. These programs hold les- 
sons for future federal policy. 

■ The federal role in technology-related teacher development 
has grown considerably since 1988 as a result of several new 
and expanded programs for math and science education and 
educational technology development. Federal actions in 1994 
have created new opportunities for fedci al leadership in overall 
policies for education technology and in technology-related 
professional development. Key initiatives include the creation 
of an Oftlce of Educational Technology in the U.S. Department 
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of Education, the state technology planning 
grants and other provisions of Goals 2000: 
Educate America Act, the expanded Dwight D. 
Eisenhower Professional Development pro- 
gram, the Title III programs for educational 
technology in the revised Elementary and Sec- 
ondary Education Act, and programs to pro- 
mote educational networking in the National 
Science Foundation and the Department of 
Commerce. 

■ The federal government has tended to focus 
more attention on inservice education rather 
than preservice education, channeling more 
support to K-12 schools than to colleges of 
education — an approach that seeks to address 
current needs but does not greatly influence 
teacher quality over the long term. 

■ The types of professional development activi- 
ties supported with federal funds run the gamut 
from courses for teacher certification, to sum- 
mer institutes, to one-shot workshops on spe- 
cific topics. The role of technology in training 
also varies from short-term training on a specif- 
ic type of software to semester-long projects 
that engage teachers in telecommunications 
networks. Federal projects include training 
with technology as well as training about 
technology. 

■ Much of the federal support for technology -re- 
lated teacher development is optional in nature 
and small in amount, provided through com- 
petitive grant programs, or as part of programs 
with larger purposes. As a result, federal sup- 
port for this purpose has been highly variable 
from year to year, piecemeal in nature, and 
lacking in clear strategy or consistent policy. 



Depending on how the federal government im- 
plements new initiatives for technology leader- 
ship, this situation could be improved. 

■ Federally funded programs are beginning to 
address several challenges implicit in provid- 
ing technology-related teacher development. 
These include the need to train with higher in- 
tensity and longer duration, to translate expo- 
sure to cutting-edge technologies into viable 
classroom learning experiences, to provide 
extensive followup after the end of formal 
training, and to improve evaluation and dis- 
semination of projects developed with federal 
funds. 

■ Projects helping schools develop access to the 
emerging National Information Infrastructure 
could provide resources and access to high- 
quality professional development activities for 
teachers. These grant programs have yet to fo- 
cus on professional development as central is- 
sues, but offer great potential. 

INTRODUCTION! 

For several decades, the federal government has 
provided various forms of support to improve the 
preparation and professional development of ele- 
mentary and secondary school teachers. Over the 
years, a small portion of this support has focused 
on helping teachers learn more about educational 
technologies, beginning with early projects to ac- 
quaint teachers with educational television and 
audiovisual technologies and continuing through 
current projects to train teachers to use computer 
models to teach physics. 



' Much of this chapter is taken from Nancy Kober, "Teachers and Technology: The Federal Role," contractor report prepared for the Office 
of Technology Assessment, May 25, 1 994, The contractor report was based on a review of the research literature and of the United States Code, 
compilations of federal education laws, the Code of Federal Regulations, the F cderal Regisler. the Catalogue of Federal Domestic Assistance, 
federal budget documents, reports of the Congressional Research Service and the General Accounting Office, reports of the Federal Coordinat- 
ing Council for Science, Engineering, and Technology, and a variety of federal agency publications. To determine which programs actually 
were supporting technology-related teacher training and to gather specific infonnation on program activities, the contractor talked with federal 
program administrators, state and local project directors, and other experts, and reviewed federal evaluations, award abstracts, and federal and 
local project materials. 
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Federal support for technology-related teacher 
development^ has grown considerably in recent 
years. But because it has come in small amounts 
from multiple programs with different purposes, 
this support has been somewhat haphazard and 
lacking in a clear strategy. This situation may 
improve in the near future, however, as the De- 
partment of Education (ED) implements new 
educational technology programs under Pub- 
lic Law 103-382 (the Improving America's 
Schools Act)) as states complete federally sup- 
ported technology plans under Public Law 
103-227 (the Goals 2000: Educate America 
Act), and as Congress and the executive branch 
confront critical decisions about educator ac- 
cess to the emerging national information in- 
frastructure. 

As the federal government prepares for new 
leadership roles, it is important to examine current 
and past federal efforts to influence technology- 
related teacher development. This chapter: 

1) describes and analyzes the current and emerg- 
ing federal role in technology-related teacher 
development, including the major programs, 
activities, and strategies; 

2) reviews historical federal efforts to improve 
teacher training in general and technology-re- 
lated teacher development in particular; 

3) examines the implications and lessons from 
current and past federal programs; and 

4) discusses some key issues to be considered by 
Congress and the executive branch in formulat- 
ing future federal policies in this area. 

BACKGROUND ON THE FEDERAL ROLE 

Primary authority for teacher preparation, licens- 
ing, and certification rests with the states, not the 
federal government. Substantial responsibilities 
also rest with colleges of education as regards 
prcscrvice education and with local school dis- 



tricts as regards inservice education. Given these 
constraints, the federal government has played 
a limited role in both the preparation and pro- 
fessional development of the average teacher. 

Most federal efforts to influence teacher training 
over the past four decades have been confined to 
areas in which Congress has perceived an urgent 
need, such as strengthening American competi- 
tiveness through better mathematics and science 
instruction or improving education for children 
with disabilities and other special needs. Occa- 
sionally, the federal government has initiated 
broader reforms aimed at the general teaching 
force, with mixed results, as discussed later in this 
chapter. 

Nevertheless, there are spheres in which the 
federal government has significantly influenced 
teacher training. Although federal training pro- 
grams have never reached more than a small per- 
centage of the total teaching force, over the years 
they have helped millions of teachers improve 
their knowledge, skills, and career advancement. 
It might even be said that the federal government 
helped give credence to the whole notion of inser- 
vice education and professional renewal through 
such early efforts as the teacher institutes spon- 
sored by the National Science Foundation (NSF) 
in the 1950s, 1960s, and 1970s or authorized by 
the National Defense Education Act (NDEA) 
from 1958 to 1968 (see table 6-1). 

In mathematics and science, enough teachers 
have participated in federally funded training to 
have had a significant effect on instructional qual- 
ity or teacher supply. It has been estimated that 
past NSF institutes reached half the math and sci- 
ence teachers in the nation at some point; more re- 
cently, it has been estimated that one-third of all 
math and science teachers took part in some type 
of activity funded by the Eisenhower Professional 
Development program in 1988-89. The numbers 



' As used in this disc ussion, icchmilit^y-rvUiu ,1 ictu her devctojimcm means preparation and professional development for K- 12 teachers 
and other education personnel that 1 ) aims to hci| them become familiar with aii> of several educational technologies and learn to integrate 
them into instruction, or 2) uses technology as a tool for providing training of any kind. Resources for technology-based training include tele- 
courses, electronic ncti'.orks. or computer- or video-based teacher training. 
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TABLE 6-1 : Past Major Federal Programs in' Support of Technology-Related Teacher Development 



Costsa 



Numbers Trained" 



Program Dates 

Training Teachers In Critical Subjects 

NSF Teacher Institutes 1954-75 

National Defense Education Act 1958-68 

Training Teacliers of Students with Special Needs 

Special Education Media Services 1964-86 



Purpose 



Improve teacher skills in math and 
science. 



Total 



Period 



Total 



$750 million 1958-74 350,000 



Period 



1953-68 



Part D Personnel Preparation 
(Special Education) 



Improve teacher skills in critical sub- $148 million 1 958-68 
jects, including instructional media. 

Produce and disseminate materials for $182 million 1966-80 
persons with disabilities, train teachers 
in their use. 

1966-present Prepare teachers to teach children with $811 million 1966-90 
disabilities. 



90,000 trained in 1958-68 
NDEA institutes 



Bilingual Education Personnel Training 1974-present Prepare bilingual education teachers. 
(Title VII, ESEA) 

Increasing the Supply of Educators and Recruiting New Teachers 

Higher Education Act Fellowships and 1965-68 Increase number of teachers and im- 

Trainooships prove their preparation. 



Library Career Training 



1 965-present Provide preparation and professional 
development for librarians, including 
school librarians. 



15,000 



5,000-7,000 
annually in 
preservice; about 
20,000 annually 
inservice 



1964-74 



$409 million 1975-91 36,000 per year 1977-78 



$67 million 1966-68 



$14 million 1966-91 



4,140 fellowships 1966-68 

and 3,850 

traineeships 



4,309 fellow- 
ships 



1966-91 
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Reforming and Improving Teacher Education 

Teacher Corps 1965-81 



Education Professions Development Act 1967-76 



Prepare teachers to teach in low-in- 
come areas; provide more field experi- 
ences for teachers in training. 



$460 million 1965-81 61,478educa- 1965-81 
tors and 10.155 
interns 



Teacher Centers 



1978-81 



Coordinate and expand federal teacher $800 million 1967-76 300,000 trained 1967-76 

training programs, improve federal 

leadership. 

Enhance teacher skills through teacher- $47 million 1978-81 Not available 

directed professional development 

centers. 



Training Teachers To Stimulate Innovation and Reform 

National Diffusion Network 1974-present Promote adoption of exemplary K- 12 $145 million 1974-91 60,000 educa- 1974-77 

programs through teacher training and tors in 7,000 

other means. schools 



Title III, ESEA/Title IV-C 



Chapter 2. ECIA 



1965-81 



1981-94 



Encourage innovation in education 
through teaclier training and other 
means. 



$1,443 million 1966-76 35,000 



Support locally determined education Not available 
reform efforts. 



Not available 



1968 



" Costs are given for the years in which figures are available, costs are nol available for years other than those listed. 

^ Numbers trained are given for the years in which data were collected, numbers are not available for years other than those listed 

SOURCE Office of Technology Assessment. 1 994. Based on Nancy Kober. "Teachers and Technology The Federal Role," contractor report prepared for the Office of Technology Assessment, May25, 
1994 
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of teachers receiving federally supported profes- 
sional development in math and science could be 
considered potentially a critical mass for improve- 
ment within these disciplines. 

Federal programs have also been a major force 
in the creation and growth of several teaching sub- 
specialties, including special education, educa- 
tional media, assistive technology for children 
with disabilities, and bilingual education. 

Federal fellowships, scholarships, and other fi- 
nancial aid — beginning with the first fellowships 
under the Higher Education Act in 1965 and con- 
tinuing through the Paul Douglas Teacher Schol- 
arships, Perkins Loan Cancellations, and minority 
teacher recruitment programs of today — have 
changed the composition of the teaching force and 
attracted talented people to the profession who 
might have pursued other careers. Innovative fed- 
eral programs such as the Teacher Corps helped 
develop new approaches to teacher preparation. 

Similarly, over the past four decades the federal 
government has also undertaken efforts to devel- 
op, promote, and expand the use of educational 
technologies. However, these initiatives have re- 
ceived a very small slice of the federal education 
budget and have fluctuated greatly with changes 
in leadership and shifting goals and priorities in 
education. These programs have been research 
and development efforts, devoting more attention 
to promoting the development of and access to 
technology than they have to preparing teachers to 
use technology well. 

Here, too, however, there are ways in which the 
federal government has influenced the training of 
teachers with and about technology. Some of the 
most innovative applications described elsewhere 
in this report — such as national telecommunica- 
tions testbeds for students and teachers, video 
modeling of effective classroom interactions for 
teachers in training, or hands-on teacher research 
opportunities involving advanced technologies — 
have been developed, piloted, and disseminated 
with federal money. Federal dollars have helped 
develop and implement distance-learning tele- 
courses for professional development and have 
exposed thousands of teachers to new uses and 



new ways of thinking about technology in the 
classroom. 

CURRENT FEDERAL SUPPORT 
AND COMMITMENT 

I Sources of Federal Support 

Many different federal programs currently sup- 
port or could support technology-related teacher 
development. They range in size from large for- 
mula-grant programs that reach most school dis- 
tricts, such as ED's Eisenhower Professional 
Development Program, to small discretionary 
grant programs that serve a select number of 
teachers, such as the Summer Teacher Enhance- 
ment workshops administered by the Department 
of Energy (DOE) at research laboratories across 
the federal government. They range in mission 
from programs aimed at developing particular 
kinds of teachers, such as special education per- 
sonnel development, to those aimed at enhancing 
the use of particular kinds of technologies, such as 
Star Schools distance learning. They range in di- 
rectiveness from programs in which technology- 
related professional development is an integral 
requirement, such as the nevv- state and local 
technology grant program under Title III of the 
Elementary and Secondary Education Act 
(ESEA). to those in which it is an entirely local op- 
tion, such as Title VI of the ESEA program for 
educational innovation (formerly Chapter 2). And 
they range in target population from programs that 
focus on teachers only, such as the NSF Teacher 
Enhancement program, to those that involve both 
teachers and students, such as the Aerospace 
Education program administered by the National 
Aeronautics and Space Administration (NASA). 

The federal government also promotes technol- 
ogy-related teacher development through means 
other than direct grant programs. For example, 
several federal laboratories and facilities donate 
personnel, time, space, and equipment to provide 
on-site training, research, and mentoring opportu- 
nities for K-12 teachers and students: many of 
these efforts involve advanced technologies. 
NASA and ED also have developed technology 
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demonstration centers, or "classrooms of the fu- 
ture," where teachers can experience exemplary 
applications of educational technologies. 

Federal agencies also sponsor electronic net- 
works and databases aimed at teachers, students, 
and others interested in sharing or obtaining 
educational information, materials, and re- 
sources. The Office of Educational Research and 
Improvement (OERI) in ED has developed an 
Institutional Telecommunications Network serv- 
ing all major OERI-supported research and devel- 
opment institutions. NASA has a Spacelink 
electronic information system to exchange in- 
formation about aeronautics and space explora- 
tion. Other telecommunications networks are 
sponsored by NSF, the National Institutes of 
Health, and other agencies. In addition, federally 
sponsored clearinghouses often include technol- 
ogy-based materials among their resources or 
encourage potential clients to access their collec- 
tions electronically. 

The President, the Cabinet, Congress, and oth- 
er federal officials also exercise leadership in 
educational technology by publicizing and rally- 
ing support for technology-related issues, by pro- 
mulgating policy directives and executive orders, 
by establishing interagency committees or advi- 
sory groups, or by making high visibility technol- 
ogy appointments. Examples of federal leadership 
activities include the appointment of a Director 
for Educational Technology in the Office of the 
Deputy Secretary in the Department of Education, 
the announcement of an executive branch tech- 
nology policy for the United States,^ and the es- 
tablishment of a Committee for Education and 
Training under the White House Office of Science 
and Technology Policy. 



I Level and Scope of 
Federal Commitment 

It is difficult to know exactly how many federal 
programs are supporting technology-related 
teacher development in any given year and to what 
extent.'^ A starting point is to look at federal pro- 
grams for professional development (teacher or 
administrator training) in general . A 1 994 internal 
inventory of ED professional development pro- 
grams identified 20 funded programs, with total 
funding of over $474 million in FY 1994, whose 
sole or major purpose was personnel develop- 
ment, plus another 44 that authorize significant re- 
sources for personal development.^ Several more 
professional development programs are adminis- 
tered by other agencies. 

In nearly all of the relevant programs, sup- 
port for technology-related teacher training is 
an option rather than a requirement, and often 
a local decision. At the local level, there are prob- 
ably thousands of federal grants and funded 
projects that might involve some form of technol- 
ogy-related teacher training, but getting precise 
information on these projects is a complex under- 
taking. With few exceptions, the federal govern- 
ment does not collect data from grantees in the 
format or detail needed to discern which projects 
are actually supporting technology-related train- 
ing and how much they are spending for it. 

Based on a review of federal program legisla- 
tion and regulations, agency reports, project ab- 
stracts, discussions with federal and state 
officials, and other information, the Office of 
Technology Assessment estimates that at least 58 
federal programs are currently supporting, have 
recently supported, or are likely to be supporting 



Sec nxcculive Ofllce ol'the Presklcni. Teclmotof^y for America a Econnmic Grnwth: A New Direction To Build F.conomic Sirenf'lh ( Wash- 
inglon. DC: Executive Office of the President. 1993). 

■* There is also aseniantic complication: namely, how one defines "program." especially ir. the ease of agency-initiated activities below the 
budget line-item level. 

■'' U..S. Department of liducation. "Depannicnt of Hducation. Activities That Support Teacher and Administrator Training and Improve- 
ment." unpublished' document. 1994. 



214 1 Teachers and Technology: Making the Connection 



technology -related teacher preparation or profes- 
sional development to some degree. 

Most of these programs are small by federal 
standards; a number have appropriations under 
$10 million. They differ by major purpose. Some 
focus primarily on teacher development. Many of 
these are programs to improve teacher skills in 
math and science, obvious subjects for infusion of 
technology because of the real-world links be- 
tween science and technological applications. 
Others focus primarily on developing and expand- 
ing the use of educational technologies, with pro- 
fessional development authorized as a means 
toward this end. 

Other relevant programs concentrate on edu- 
cating children with special needs, such as Title I 
of the ESEA for disadvantaged children, the Indi- 
viduals with Disabilities Education Act (IDEA), 
and the Bilingual Education Act. Technology is 
used frequently to deliver services in these pro- 
grams, and professional development for teachers 
of participating children is an allowable use of 
funds. Also pertinent are certain programs that 
foster general school reform and allow support for 
professional development as a vehicle for change. 

From this broad list of relevant programs, it 
is possible to identify 23 key programs that 
form the core of federal support for technolo- 
gy-related teacher training (see table 6-2j. 

Most of the key programs are administered by 
the Department of Education. Several are over- 
seen by NSF, consistent with the agency's science 
orientation and long-standing involvement in 
technology-related research and development. 

Relevant programs are also administered by the 
Departments of Energy, Commerce, Health and 
Human Services, Agriculture, Defense, and 
Transportation, as well as NASA, the National 
Endowment for the Humanities, the National En- 
dowment for the Arts, the Smithsonian Institu- 
tion, and other agencies. These programs tend to 
be much smaller in scope and funding than the ED 
and NSF efforts. Many have a math and science 
orientation and offer institutes, workshops, or re- 
search opportunities for K- 1 2 teachers at laborato- 
ries and other facilities. A smaller number 



improve teacher content and pedagogical knowl- 
edge for other disciplines. 

Eligible grantees vary by program and include 
state educational agencies (SEAs), local educa- 
tional agencies (LEAs), institutions of higher 
education (IHEs), and other public or private orga- 
nizations. Several programs require or encourage 
collaboration among more than one entity, such as 
school districts and higher education institutions. 

The remaining programs are smaller or less de- 
pendable sources of funding for technology-re- 
lated teacher development (see table 6-3 j. They 
include programs that authorize teacher training 
as one of many different allowable activities; that 
could support technology-related training under 
current guidelines but have not done so to any no- 
table extent; that focus primarily on technology 
research and development, with small teacher 
training components; or that do not collect suffi- 
cient data to determine whether technology-re- 
lated training is actually funded. 

Estimating the level of federal expenditures for 
technology-related teacher development is not 
possible. In most of the 23 key programs listed in 
table 6-2, a small portion of total expenditures 
goes toward technology-related training. At the 
same time, unknown levels of support come from 
programs not listed in table 6-2, or table 6-3. Be- 
cause there are so few programs where specific 
data on technology-related training are avail- 
able, OTA finds that there is no reliable esti- 
mate available for overall federal funding 
support for this purpose. 

I Key Points 

Whatever the current amount, several points can 
be made about federal funding for technology-re- 
lated teacher development. 

■ The amount of federal support for this kind 
of teacher training lags behind federal 
spending on educational technology hard- 
ware, software, equipment and facilities. As 

one indicator, expenditures for computer hard- 
ware and software under a single program, 
Chapter 2 of the ESEA (now Title VI). have 
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ranged from $50 million to about $100 million 
annually in recent years.^ Star Schools projects 
have spent an average of 35 percent of total 
funding on equipment, or about $5 million to 
$8 million per yearJ The amount for profes- 
sional development in either of these programs 
is much less. Several million dollars more for 
infrastructure have come from the Public Tele- 
communications Facilities Program and other 
federal sources; again, teacher support for us- 
ing these resources is extremely limited. 
" From all indications, federal support for 
technology-related teacher development has 
grown considerably since OTA first looked 
at educational technology in its 1988 report 
Power On! New Tools for Teaching and 
Learning. Funding for the Eisenhower pro- 
gram, a vital source of support, more than 
doubled between FY 1988 and 1994, from 
$120 million to over $250 million. According 
to a government-wide inventory, 117 new fed- 
eral programs for science, math, engineering, 
and technology education were created be- 
tween 1988 and 1993, yielding a total of 290 
such programs, of which 29 had teacher en- 
hancement as their primary purpose.^ Technol- 
ogy-related teacher projects have been 
designated as an absolute priority^ in recent 
annual grant competitions under several pro- 
grams — among them, the Fund for Innovation 
in Education (FIE), the Eisenhower National 
Program, the Star Schools program, and the 
technology and media program for individuals 
with disabilities. 



■ Funding for technology-related teacher 
training is likely to grow. The FY 1995 ap- 
propriations include $40 million for education- 
al technology programs under the new Title III 
of the ESEA and an extra $70 million for the Ei- 
senhower program. And, as explained below, 
technology-related training is given greater en- 
couragement and more explicit attention in 
several ESEA programs, including Title I Ei- 
senhower, Title VI (formerly Chapter 2), and 
bilingual education. 

■ Support for technology-related teacher 
training is optional in most programs. Al- 
though diverse funding sources for technology- 
related teacher development may appear to 
offer an abundance of opportunities, accessing 
federal funding for technology-related teacher 
development is not always easy. Many pro- 
grams leave it up to state or local grantees to de- 
cide whether technology-related training — or 
for that matter, any kind of professional devel- 
opment — is supported and in what form. For 
example, although the Title I of the ESEA pro- 
gram for disadvantaged children, the IDEA 
state grant program for children with disabili- 
ties, and the Perkins Vocational Education Ba- 
sic Grants program encourage funds to be used 
for professional development, local project di- 
rectors must weigh the need for teacher training 
against other priorities, most notably direct stu- 
dent instruction. Often technology-related 
training and, in general, professional develop- 
ment are viewed as niceties rather than necessi- 
ties. Even in competitive grant programs at the 



* M.S. Knapp and C.H. Blakely, The Education Block Gram at the Local Level: The Implementation of Chapter 2 of the Education Consoli- 
dation and Improvement Act (Menio Park, CA: SRI International, 1 986); and Ruskus Joan et al.. How Chapter 2 Operates at the Federal, State, 
and Local Levels (Wa.shington, DC: U.S. Department of Education, 1994). 

^ About 130 separate staff development activities were offered in the 1992-93 school year. For the most part, general staff development 
consisted of a number of short "one shot" workshops presented as a teleconference, rather than a sequenced set of activities. Naida C.Tushnet et. 
al.. Star Schools Evaluation Report One (Los Alamitos, CA: Southwest Regional Laboratory. July 1993), p. 49. 

" Federal Coordinating Council for Science, Engineering, and Technology, Committee on Education and Human Resources, The Federal 
Investment in Science. Mathematics, Engineering, and Technology Education, Where Now? What Next? Sourcebook (Washington, DC: August 
1993), pp. 10-17, 

knahsolute priority means that only those projects that address a particular issue or activity (as announced in the Federal Register) will be 
funded in a given year. I'riorjtics in national discretionary programs often change from year to year. 



- TABLE 6-2: Key Current Programs for Technology-Relaled Teacher Development ' 
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Department of Education 

Title III, ESEA, Technology for 
Education 



$40 million 



Goals 2000; Educate America Act $403 million 



Eisenhower State Grant 
Eisenhower National Program 
Star Schools 



IDEA Part D. Special Education 
Personnel Development 



$321 million 
$39 million 
$30 million 

$91 million 



IDEA Part G, Technology, Educational $1 1 million 
Media, and Materials 



Title I (Chapter 1) ESEA 



$7,232million 



Bilinyii il Education Training Grants $25 million 
Liljiary Personnel Development $5 million 

Christa McAuliftc Fellowships $2 million 



Provide federal leadership and financial sup- 
port to expand access to and use of educa- 
tional technologies. 

Encourage states to develop comprehensive 
school reform plans based on standards for 
student learning. 

Improve teacher knowledge and skills In math, 
science, and other core academic subjects. 

Develop models of national significance in 
professional development in core subjects. 

Support acquisition and use of distance-learn- 
ing technologies for education. 



Provide preparation and professional develop- 
ment to help teachers educate children with 
disabilities. 

Support research and development and tech- 
nical assistance to advance technologies for 
persons with disabilities. 

Provide educational services to help low- 
achieving children in low-income areas meet 
high standards. 

Support teacher preparation and professional 
development for bilingual education teachers. 

Tram and retrain school librarians and other 
library personnel. 

Provide fellowships for outstanding teachers to 
continue education, d'^velop innovative pro- 
grams, train colleagues. 



Secretary develops long-range technology plan; 
state and local grants must provide for ongoing pro- 
fessional development to integrate technologies In 
education. 

States must develop educational technology plans 
as part of overall Improvement plans; act also es- 
tablished Office of Educational Technology In U.S. 
Department of Education. 

Funds may be used for professional development in 
effective use of technology as instructional tool. 

Funds may be used for training teachers in innova- 
tive uses of technology 

Funds may be used to develop and provide preser- 
vice and inservice distance learning for teachers 
and to train teachers to Integrate telecourses for 
students into instruction. 

Technology-related training programs authorized; 
emphasis on assistive technologies. 

FY 1994 priority on organizational support and pro- 
fessional development. 

Schools must devote sufficient resources to profes- 
sional development; may Include instruction in use 
of technology. 

Some projects involve technology; no specific en- 
couragement for technology-related training in law. 

Training In new technologies encouraged. 
Several fellows develop technology-related projects. 
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Title Vl/Chapter 2. ESEA 
National Diffusion Network 



National Science Foundation 

Teacfier Enfiancement 

Teacfier Preparation 

Applications of Advanced 
Tecfinologies 

National Education Infrastructure for 
Networking 

OTHER FEDERAL AGENCIES 
Department of Commerce (NTIA) 
Public Telecommunications Facilities 
Program 

Telecommunications and Information 
Infrastructure Assistance Program 

National Endowment for Cfiildren's 
Educational Television 

Department of Energy 

Summer Teacfier Enhancement 

Teacfier Researcfi Associates 

Environmental Protection Agency 

[. nvironmental Education and Training 



$347 million Provide grants for range of state and locally 
determined sctiool improvement activities. 
$15 million Disseminate and encourage adoption of ex- 
emplary education programs tfirougfi staff 
training and otfier means. 

$101 million Fund teacfier training programs in matfi, sci- 
ence, tecfinology 

$18 million Support projects to improve undergraduate 
teacfier preparation. 

$10 million Fund researcfi and demonstration in revolu- 
tionary tecfinologies for education. 

$15 million Demonstrate innovative applications of net- 
working for education. 



Funds may be used for tecfinology-related profes- 
sional development at state/local option. 
Some current projects available for adoption fiave 
tecfinology focus; professional development is pri- 
mary strategy for fielping scfiools adopt programs. 

Many programs involve tecfinology 

Projects must address preparation in new tecfinologies. 

Some projects fiave components for teacfier sup- 
port and development. 

Teacfier support and development integral part of 
all projects. 



$29 million Supports innovation and capacity' building of Supports distance-learning activities for teacfiers 

tfie nation's telecommunications infrastructure, and students. 

$64 million Accelerate tfie use of telecommunications and Supports telecommunications networks tfiat can pro- 
information tecfinology. vide professional development for teacfiers as well 

as newteacfiing opportunities in K-12 classrooms. 

$2.5 million Supports creation and production of television Mucfi of tfie programming can be used in tfie class- 
directed toward development of cfiildren's in- room, 
tellectual skills. 

$2 million Provide teacfier training and researcfi opportu- Many projects involve training teacfiers in fiigfi 

(FY 1994) nities in federal laboratories. tecfinology applications in science. 

$1 .9 million Provide teacfier summer laboratory experi- Some projects involve training in tecfinology 
ences and training in science. 

$2 million Tram teacfiers and improve materials in K-12 Use of tecfinologies encouraged. 
(FY 1994) environmental education. 



r iiridiric) Uwi'ti for the oriliro piograni, not |usl tho toclinology related teacher tiaming proiecis or components All figures are FY 1995 unless noted otherwise. 
SOlJUCr OtiK cof To(-hiiologyAss(';i.-,mcnt. 1994 Based on Nancy Kobei. "Teachers and Tedirifjiogy The Federal Role, "contractor report prepared for theOffice of Technology Assessment. May ''5, 
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TABLE 6-3: Additional Current Sources of Federal Support for 
Technology-Related Teacher Development ' 



Department Of Education 

■ Per'.'ns Vocational and Applied Technology Education 
Ace. For basic state grants, states must ir -lude sup- 
port for professional development for vocational 
teachers. "Tech-prep" projects linking Sv:oondary and 
postsecondary vocational education must include 
teacher training in tech-prep curricula. Teacher and 
administrator training and leadership development are 
among activities of National Center for Research in 
Vocational Education. 

■ Part B IDEA State Grants: States must have compre- 
hensive systems of personnel development; may use 
federal grants for teacher training. 

■ IDEA Special Purpose Programs: Training for special 
education personnel is authorized under special pur- 
pose programs (i.e., Severely Disabled, Severe Emo- 
tional Disturbance, Deaf-Blindness, Early Childhood 
Education, and Transitional Services). 

■ Regional Resources Centers, IDEA: Services include 
teacher training, assistance to states regarding com- 
prehensive systems of personnel development. 

■ Indian Education Personnel Development and Special 
Projects: Projects train Native Americans for careers 
as teachers; special projects support teacher profes- 
sional development, including some technology-re- 
lated training. 

■ Territorial Teacher Training- Preparation and profes- 
sional development for teachers in U.S. territory 
schools. 

■ Emergency Immigrant Education: Inservice training is 
one of many activities to improve education of immi- 
grant children in heavily impacted schools; some proj- 
ects involve technology 

■ Javits Gifted and Talented Education: Research, dem- 
onstration, and training projects to improve gifted and 
talented education; some involve technology. 

■ National Writing Project: Teacher training in writing 
instruction; encourages technology infusion. 

■ National Science Scholars: Scholarships to talented 
science, matli, computer science, and engineering 
majors: recipients must teach in K-12 schools or pay 
back the award amount. 

■ Fund for the Improvement of Postsecondary Education 
(FIPSE): Projects to promote reform and innovation in 
postsecondary education: infusing technology and 
strengthening teacher education are among priorities 

■ Regional Education Laboratories and Educational Re- 
search Centers Research, dissemination, and teacher 



training on effective teaching and learning; improving 
instructional uses of technology is among priorities. 
" Language Resource Centers: Teacher training is 
among the activities to develop better methods of 
teaching foreign languages; new technologies are an 
area of emphasis. 

National Science Foundation 

■ Sfafe Systemic Initiative: State planning for systemic 
reform in math, science, and technology education. 

" Urban and Rural Systemic Initiatives: Systemwide 
improvement plans in math and science education for 
cities with highest numbers of children in poverty and 
for rural areas; technology can be included. 

■ Research in Teaching and Learning: Basic and ap- 
plied research on science and math education, includ- 
ing research on teacher uses of technology. 

■ /Mathematics and Science Teaching Perspective Com- 
ponent: Teacher lab experiences with scientists and 
student Young Scholars. 

■ Research Opportunity Grants: Teacher research expe- 
riences with NSF principal investigators. 

• Advanced Technological Education: Teacher prepara- 
tion and professional development are allowable acti- 
vities under the program to improve training of techni- 
cians for high-performance workplaces. 

Department of Defense 

■ Department of Defense Dependents' Schools: Current 
activities target DODDs schools as a testbed for tele- 
communications networks. 

■ Summer Associateships for High School Science and 
/Mathematics Faculty: Research opportunities for out- 
standing teachers at U.S. Army labs. 

National Aeronautics and Space Administration 

■ ■ NEWEST/NEW/^AST Programs: Offer inservice training 

at NASA Centers to improve teacher knowledge in 
aerospace technologies. 

■ /Aerospace Education Services: Teacher workshops on 
integrating aerospace topics into curriculum. 

■ Educaf/onSafe/WeV/deoconferences: Teleconferences 
for inservice use on scientific topics. 

Department of Agriculture 

■ 4-H Leadership Centers: Land-grant colleges and 
universities train teachers and others to implement 
science-technology curricula. 

■ Teacher Research Fellowship Program: Teacher re- 
search opportunities with Agricultural Research Ser- 
vice scientists. 
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TABLE 6-3 (cont'd.): Additional Current Sources of Federal Support for 
Technology-Related Teacher Development 



Department of Healtti and Human Services 

■ Minority High School Student Research Apprentice- 
ship Program: Inservice and preservice training to 
minority teachers, teachers in largely minority schools, 
and minority undergrads interested in science teach- 
ing careers. 

■ Summer Fellowship Program: Inservice and preservice 
teacher training in microbiology lab techniques and 
electronic databases, summer internships in National 
Institutes of Health laboratories, workst.ops on incor- 
porating new skills into curriculum. 

National Endowment for tiie Humanities 

■ Summer Seminars for Teachers: Summer humanities 
studies for K-1 2 teachers; technology may be a re- 
source. 

■ Elementary and Secondary Education in the Humani- 
ties: Program to improve humanities teaching in K-12 
schools; includes teacher institutes in which technolo- 
gy may be a resource. 

■ Special Opportunities in Foreign Languages: Teacher 
institutes and other activities to improve foreign lan- 
guage instruction at all levels; technology may be a 
resource. 

OTHER AGENCIES 
Department of Transportation 

■ Aviation Education Workshops: Familiarizing teachers 
with aviation education curricular materials. 



Department of Energy 

■ Laboratory Partnerships, Local Programs, Regional 
Systemic Efforts: Variety of lab-based teacher training 
and K-12 education improvement projects in science 
and technology. 

Smithsonian Institution 

■ Project SPICA (Support Program for Instructional 
Competency in Astronomy): Summer institutes and 
teacher-leader training in astronomy for K-12 teachers 
and college faculty. 

Environmental Protection Agency 

■ Environmental Education Grants: Support can include 
teacher training to develop and implement models for 
environmental education. 

National Endowment for the Arts 

■ Arts in Education: Teacher professional development 
is one of many activities. 

Interagency Initiative: NASA, NSF, and National 
Oceanic and Atmospheric Administration 

■ GLOBE Program: Grants for developing curricula, 
data collection and communication technologies, and 
teacher training in support of worldwide environmental 
science experiments. 



This list IS meant to be illustrative and is not a complete inventory o( all federal programs with components lor technology-related teacher training, 
SOURCE Office ot Technology Assessment. 1995 



national level (e.g., the NSF Teacher Enhance- 
ment Program), the amount of support for 
technology-related teacher development varies 
from year to year, depending upon the priority 
given to technology or the kinds of proposals 
submitted. Until the passage of the Improving 
America's Schools Act, the two pieces had not 
come together: programs devoted to profes- 
sional development did not mandate or recom- 
mend that grantees consider technology as 
cither a topic for training or a mode for delivery, 
while programs that provide funds to acquire 



technology or expand its use did not always re- 
quire attention to teacher training needs. 

In part because of these characteristics, federal 
support for technology-related teacher devel- 
opment has tended to be highly variable, frag- 
mented, and lacking in a unifying strategy or 
clear leadership. As a subcommittee of an ED 
steering group concluded in 1992, "Since the es- 
tablishment of the Department in 1980, very little 
initiative or coordinated effort has been taken by 
ED to promote or guide educational technology 
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efforts in tiie schools."'" As discussed in detail lat- 
er in this chapter, this situation has begun to 
change. 

NEW OPPORTUNITIES FOR 
FEDERAL LEADERSHIP 

The federal government is starting to exert stron- 
ger leadership in educational technology and 
teacher training, as signaled by several new legis- 
lative and executive initiatives. As a result of new 
legislation, the Department of Education now 
has greater authority and stronger directives to 
develop and implement a coordinated federal 
policy for educational technology. 

I Goals 2000: Educate America Act 

The major purpose of Goals 2000 is to encourage 
states to establish content and performance stan- 
dards for student learning in core academic sub- 
jects and then to develop comprehensive school 
reform plans based on these standards. These state 
improvement plans must include "a process for 
providing appropriate and effective professional 
development, including the use of technology, 
distance learning, and gender-equitable methods, 
necessary for teachers, school administrators, and 
students to meet state content standards and state 
student performance standards." Furthermore, the 
act also authorizes grants to states to develop sys- 
temic plans, as part of their broader state improve- 
ment plans, to increase use of educational 
technologies for student learning and staff devel- 
opment. For FY 1994, $5 million was appro- 
priated for this purpose. 

The act also required ED to establish an Office 
of Educational Technology. This office is respon- 
sible for reviewing, coordinating, and overseeing 
federal educational technology policy. 

With encouragement from the Goals 2000 Act, 
national groups arc developing voluntary national 



content standards in core subjects, including stan- 
dards for what teachers should know and be able 
to do. The mention of technology in these stan- 
dards could send a strong signal, while the omis- 
sion of technology could constitute a setback. 
Together the provisions of Goals 2000 could give 
stronger federal encouragement to states and 
school districts to use technology both to support 
curricular reforms and to provide professional de- 
velopment. 

I Improving America's Schools Act 

The Improving America's Schools Act extends 
and amends most of the major federal elementary 
and secondary education programs supported un- 
der the Elementary and Secondary Education Act. 
It also contains far-reaching amendments affect- 
ing educational technology, most significantly the 
new Title III of the ESEA — the most comprehen- 
sive federal education technology legislation to 
date and a turning point in the federal role in 
educational technology. Title III authorizes sever- 
al new federal leadership activities and grant pro- 
grams in ED aimed at expanding access to and use 
of educational technologies, strengthening the 
technology infrastructure, and supporting tech- 
nology-related technical assistance and profes- 
sional development (see box 6-1). For FY 1995, 
the first year of funding, $40 million has been ap- 
propriated for the legislation. The Department has 
committed $27 million of this amount to a 
Technology Challenge grant competition. This 
program encourages schools, districts, research 
labs, nonprofit organizations and businesses to 
propose technology solutions to educational chal- 
lenges and problems. 

A key provision of Title III charges the Secre- 
taiy of Education with developing a national long- 
range technology plan by October 1995 that 
includes strategics to: 



'"Sec Tom Hiuilcy (ed.). "1992 Rcpiirt of the Sutxoniniillcc on l-clucalioiiiil Tcclinolngy lo llic Siccring C'onimillcc on Malh and Science 
Educalion, U.S. Departmeni of t-ilucation," n.p., NovenitKr I 'W2, p. 9S. This rcpirt noted thai IT) is quite Iniiiled in what it can do wilfiout 
congressional authorization or appropriation— a delialable [Xiint since in l-Y I'J'Mlhc nepartnienl designated technology-related priorities for 
several discretionary programs without changes in huv. 
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Goals 2000 legislation encourages states to increase the use of technologies for student learning and staff development and 
requires that school districts provide professional development to meet state content and student performance standards. 



■ encourage effective use of technology in all ED 
programs, 

■ facilitate technology use through joint efforts 
with other federal agencies, 

■ work with state and local agencies and the pri- 
vate sector, 

■ promote increased opportunities for teacher 
professional development in the use of new 
technologies, and 

■ accomplish other long-range goals. 

This plan could provide focus and strategic 
planning for the federal role in educational 
technology, not only in ED but across gov- 
ernment. 

Also noteworthy is the new state and local 
technology grant program authorized in the 
new Title III, which has stronger recognition 
and mandates for technology-related profes- 



sional development than any current federal 
program. School districts receiving funds under 
this program are required, to the extent possible, 
to use funds to provide "ongoing professional de- 
velopment in the integration of quality education- 
al technologies into school curriculum and 
long-term planning for implementing educational 
technologies."^' Funds are also required to be 
used to expand technology applications to support 
school reform and ensure that schools have mean- 
ingful access to hardware, software, and connec- 
tivity, among other activities. School districts also 
must describe in their grant applications how they 
"will ensure ongoing, sustained professional de- 
velopment for teachers, administrators, and 
school library media personnel" to further use of 
technology. 



"Scclioii }\M (4) of the Iiiiproviiij; America's School:, Act. 
' •■'Section I) (D)(i).ibkl. 
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Part A— Technology for Education of All Students 

Total Pi' 1995 Appropriation: $40 million 

Subpart 1— National Programs 

FY 1995 appropriation: $3 million 

National Technology Plan 

Secretary must develop a national long-range technology plan by October 1995 that will include 
strategies to encourage effective use of technology in all Department of Education programs. 

Federal Leadership 

Secretary may use national program funds for various federal leadership activities such as: 

■ helping technical assistance providers improve their services; 

■ conducting research and development on interoperability and advanced applications of educational 
technology: 

■ developing and evaluating software and products: 

■ developing, demonstrating, and evaluating the educational aspects of high performance computing, 
communications technology, and the national information infrastructure in providing professional de- 
velopment; 

■ developing, demonstrating, and evaluating model strategies for preparing teachers and other per- 
sonnel to use technology effectively, and 

■ encouraging collaboration with other federal agencies. 

Subpart 2 — State and Local Programs for School Technology Resources 

Pi' 1995 appropriation: $27 million 

Grantees 

In years in which less than $75 million is appropriated (i.e.. Pi' 1995), Secretary makes "challenge 
grants" to local consortia that include at least one district with a high concentration of low-income 
children. (If more than $75 million is appropriated, funds go to state education agencies based on Title 
I, ESEA formula and states make subgrants to school districts). 

Statewide Technology Plans 

States must develop statewide technology plans (or use their Goals 2000 technology plan or a similar 
one) that must address long-term strategies for financing educational technology and serving districts 
with low-income children and high-technology needs. 

Local Use of Funds 

School districts shall use grant funds, to the extent possible, to 

■ develop, adapt, or expand applications of technology to support school reform: 

■ fund projects of sufficient size and scope to improve student learning and, as appropriate, support 
professional development; 

■ acquire connectivity hardware, and software to ensure that schools have meaningful access; 

■ provide ongoing professional development in integration of quality educational technologies; 

■ acquire connectivity with wide area networks; and 

■ provide educational services for adults and families. 

Local Applications 

School districts must describe how they "will ensure ongoing, sustained professional development for 
teachers, administrators, and school library media personnel served by the local educational agency to 
further use of technology." 
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BOX 6-1 (cont'd.): Title III, ESEA— Technology for Education Act: Major Provisions Affecting Teachers 



Subpart 3— Regional Technical Support and Professional Development 

FY 1995 appropriation: $10 million 

Grantees 

Educational laboratories and other regional entities, to develop regional programs in professional 
development, technical assistance and information dissemination. 
Regional Professional Development 

Regional professional development activities may include intensive school-year and summer work- 
shops, video conferences, distance professional development, repositories of professional development 
resources, and more. 

Subpart A — Product Development 

(No appropriation for FY 1995) 

Purpose 

Secretary makes competitive grants or loans to consortia to develop, produce and distribute technology 
enhanced instructional resources and programming for student instruction or professional development. 

Part B— Star Schools 

FY 1995 appropriation; $30 million 

Star Schools program extended through FY 1 995. 

Part C— Ready-to-Leam Television 

FY 1995 appropriation; $7 million 

New program of grants to nonprofit entities to develop, produce, and distribute video programming 
promoting school readiness for preschool and elementary children and their parents. 

Part D— Telecommunications Demonstration Project for Mathematics 

FY 1995 appropriation: $2.25 million 

New program of grants to telecommunications entities to conduct a national telecommunications demon- 
stration project to help teachers prepare all students to meet content standards in mathematics. Grantees 
must use public telecommunications to train teachers in standards-based curriculum. 

Part E— Elementary Mathematics and Science Equipment Program 

New program, not yet funded, of formula grants to states and school districts to provide equipment and 
materials for hands-on math and science iristruction in elementary schools. Funds shall not be used for 
computers and peripherals or for staff development. 

Part F— Elementary and Secondary School Library Media Resources Program 

New program, not yet funded, of grants to states and school districts to acquire school library and 
media resources. 

SOURCE OHice of Technology Assessment 1 995 



A Title III program of grants to regional edu- 
cational laboratories for technical assistance 
authorizes regional professional development ac- 
tivities in technology use. As discussed below, the 
Improving America's Schools Act also amends 
several other federal education programs to 
strengthen technology use. 



I Telecommunications Legislation 
Potentially Impacting Education 

Congress has also been debating federal policy 
that would affect educational access to emerging 
information infrastructure. A number of bills were 
submitted in the 1 03d Congress, with varying ap- 
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preaches to regulation of access; it is expected that 
similar bills will be submitted in the 104th Con- 
gress. The final outcome of these debates will 
have a significant impact on the affordability, 
availability, and access to information resources 
for educational users. These bills could set in 
place a new system of educational services and 
materials for teacher and student use. Clearly 
teachers will need training and support if they are 
to derive maximum benefit from the new re- 
sources available. 

However, as suggested by the past experi- 
ence of many of the programs described below, 
ambitious initiatives do not always translate 
into better programs or stronger leadership. 
Budget ceilings can limit funding of new pro- 
grams and appropriations increases for existing 
ones. New programs can be implemented effec- 
tively or poorly. Furthermore, a special office 
within an agency does not automatically guaran- 
tee better administration or coordination. Federal 
administrators must have the authority, tools, 
funding, and congressional and White House sup- 
port to carry out the ideas embraced on paper in a 
technology plan. 

MAJOR TECHNOLOGY-RELATED 
TRAINING PROGRAMS 

As discussed above, there are two important ways 
that technology-related teacher training can be 
viewed: technology as a subject for teachers to 
learn about or use (i.e., as a resource for a range of 
K-12 instructional goals) and technology as a 
mode for delivering teacher training of any kind. 
This analysis looks at both these emphases in sev- 
eral key programs .supported by the major players 
in this area: the Department of Education, the Na- 
tional Science Foundation, and, most recently, the 
Department of Commerce. 



I Department of Education Programs 

Eisenhower Professional Development 
Program— FY 1995 Funding: $359 Million 

The Dwight D. Eisenhower Professional Devel- 
opment program, originally authorized by 
Title II of the ESEA in 1988 and reauthorized 
imder the Improving America's Schools Act, is 
now the largest federal program aimed at im- 
proving professional development. The pro- 
gram has two components: 1) the state grant 
program allocates funds by formula to states for 
grants to school districts (LEAs) and institutions 
of higher education (IHEs) for training K-12 
teachers, and 2) the national program provides 
competitive grants from the federal level for inno- 
vative projects of national significance. 

Until this year the program has focused on im- 
proving mathematics and science instruction 
through inservice and preservice teacher training. 
New amendments in the Improving America's 
Schools Act will extend Eisenhower professional 
development activities to other core academic 
subjects beginning in FY 1995, as long as math 
and science activities are funded at a level of at 
least $250 million per year. 

Eisenhower state grant funding reaches 83 per- 
cent of the school districts in the nation — more 
than any other federal teacher training program. 
It also reaches more teachers. In 1988-89, an esti- 
mated one-third of all math and science teachers in 
the nation took part in some type of activity 
funded by the Title II program.''* 

The forerunner of the Eisenhower program w:. s 
the 1984 Education for Economic Security Act. 
This act allowed teacher training in "computer 
learning and foreign languages" only if math and 
science training needs had already been met. This 
wording presumed that learning about computers 
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(the dominant technology of the time) was consid- 
ered a separate topic, not a means for teaching 
math or science. Revisions in 1988 expanded the 
policy to permit training in and instructional use 
of technologies (not just computers) as part of a 
math and science program and to allow purchase 
of hardware and software // all other teacher 
training needs had been met. 

The 1994 amendments to the ESEA i ive much 
stronger encouragement to technology-related 
professional development. In their Eisenhower 
plans, states now must describe how they "will 
use technology, including the emerging national 
information infrastructure, to enhance the profes- 
sional development of teachers." State and local 
Eisenhower grants may be used to provide profes- 
sional development "in the effective use of educa- 
tional technology as an instructional tool." Under 
the national program, the Secretary may fund ef- 
forts "to train teachers in the innovative uses and 
applications of technology to enhance student 
learning." 

Both the state program and the national pro- 
gram are key sources of fed'-ral funding for 
technology-related teacher training. The most re- 
cent national evaluation of the state program, con- 
ducted in school year 1988-89, found that 20 
percent of all LEA Eisenhower projects and 14 
percent of all IHE projects provided support for 
computer education not connected to math or sci- 
ence; well over half of these computer education 
projects (62 percent) focused on staff develop- 
ment. In addition, a notable share of math- and 
science-oriented projects involved use of educa- 
tional technology — in math, about 38 percent of 
the LEA projects and 41 percent of the IHE proj- 
ects.'-'' Support for tcchnology-rclalcd training 



has continued in more recent ) < ars. A 1992 com- 
pendium of model programs funded through the 
state program included several technology-related 
training projects, such as helping teachers use la- 
ser holography to teach about light or use comput- 
ers to model decisionmaking about natural 
resources.'^ 

Under the national program, the FY 1994 grant 
competition designated three absolute priorities, 
one of which encourages model professional de- 
velopment projects that help teachers effectively 
use technologies in teaching math and science; 
electronic networking among teachers is required 
in all projects.' The 10 Eisenhower regional con- 
sortia funded by the national program to dissemi- 
nate exemplary materials and provide technical 
assistance have also provided technology-related 
training to teachers.'^ Other national program 
grants are supporting projects to establish an on- 
line network to enable teachers to communicate 
with the National Clearinghouse for Mathematics 
and Science Education, implement statewide tele- 
communications networks for teachers, develop 
video teacher training modules, help teachers use 
networks to enhance instruction, and train teach- 
ers to integrate computer technologies into math 
instruction for Indian children.'^ 

What impact has the Eisenhower program had? 
A recent evaluation found that the quality of LEA- 
supported training varied, from well-designed 
staff development that clearly influenced teacher 
thinking and classroom practices to "ad hoc train- 
ing that appeared to contribute little to improved 
practices."20 The study also uncovered mixed re- 
sults regarding the impact of Eisenhower program 
participation on teacher classroom practices and 



iMbiii.. pp. 15- IX. 

1" Triangle Coalition for Science and Technology [-ducation. Sum- MoM I'myrams (C-ollege Park. MD: Triangle Coalilion. \W2). 
I' Fclcrul Kciii'ilcr. vol. Sy. No. X4. May 3. 1W4. p. 22910. 

l» Keith M. Kershner. -Kisonlunver Regional Consortia Progress Update." Dn ixhi O. hiseiihowcr M„llwni<ili, s A Sricnrc lulm uiion. vol. 
i. No. .1, fall I 'W.I. pp. 6-7. 

1'' VS. Dcpanment of Ealueation. Ihviithl I), luscnhonrr National I'rnaram jar MalhnnalU s ami Sanwc EiUicotum: I'mja l Ahxlnu ls 
(Washington. W: 1W4). 

2" Miehncl .S. Kiiapp et. al.. op. cit.. roolnote 14. pp. iv v. 



226 1 Teachers and Technology: Making the Connection 




Star Schools funding has brought experts into even the most 
remote classrooms. Here Gene Cernan, the last astronaut to 
walk on the moon, discusses space exploration with students 
and teachers over an interactive instructional television 
network. 



Student learning/' And much of the Eisenhower- 
supported training was of low-intensity — an aver- 
age of six hours of training per participant per year 
in LEA projects in 1988-89.22 

In response to these findings, the Department 
of Education revised program regulations in 1992 
to encourage projects of longer duration.23 in the 
1994 amendments, Congress directed all Eisen- 
hower projects to support "sustained and intensive 
high-quality professional development" that will 
have a lasting impact on teacher performance, be- 
come part of the everyday life of the school, and be 
oriented toward continuous improvement. 



Star Schools, Title lll-B of the ESEA- 
FY 1995 Funding: $30 Million 

With an appropriation of $30 million for FY 1 995, 
ED's Star Schools program makes grants to tele- 
communications partnerships to support the use 
of distance-learning technologies to improve stu- 
dent instruction in math, science, foreign lan- 
guages, and other subjects. A large share of Star 
Schools funding is used to acquire and operate 
distance-learning equipment and to develop and 
deliver programming, mostly aimed at students.^"* 
Teacher professional development has always 
been an allowable activity under the program; the 
1991 amendments required partnerships to offer a 
range of courses for educators with different skills 
and to train participating teachers to use telecom- 
munications equipment and integrate distance- 
learning activities into the curriculum. In FY 
1 99 1 , an estimated 22,600 teachers participated in 
Star Schools staff development activities and 
another 720 teachers received college credit 
courses through the system.25 In 1992-93, about 
1 30 different general staff development activities 
were offered by Star Schools partnerships, vary- 
ing in. length from 1-hour to 6-hour segments, 
with some 10-hour telecourses. Most of these acti- 
vities were "one-shot" teleconferences, and most 
were underused. A recent national evaluation sug- 
gests that "general staff development was per- 
haps the weakest component of Star Schools 
projects."26 Many of the distance-learning staff 
development activities imparted information to 
teachers as passive recipients — in other words, 
old delivery in a new package. Effectiveness 



2' Ibid., p. 23. 
Ibid, p. iv. 

James B. Stcdmaii, "Eisenhower Mathematics and Science Education Act: Overview and Issues for Reauthorization," Congressional 
Research Service, Library o{ Congress, CRS Report for Congress 93-5 EPW. December 1 992, p. 12. 

TUshnct et. al., op. cit., footnote 7, p. 2. 

U.S. Department of Education, Annual livalualion Report: Fiscal Year IWI ( Wa.shington, DC: 1 992). p. 6 1 4-2. 
TUshnct et al., op. cil., footnote 7, p. 71. 
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would probably increase, the report concluded, if 
projects used the interactive aspects of the tech- 
nology to foster learning communities.^^ 

The 1994 amendments to the ESEA continued 
a move begun by ED to strengthen professional 
development activities through distance learning. 
Star Schools funds may be used to develop and ac- 
quire preservice and inservice programs "based on 
established research," to establish teleconfer- 
encing facilities for making interactive training 
available to teachers, to provide professional de- 
velopment to teachers, to tram instructors to use 
distance-learning equiprnf"- and integrate pro- 
grams into the classroom, and to provide teacher 
training for teaching core subjects. Priority for 
funding is given to applicants that, among other 
characteristics, have substantial capabilities to 
provide professional development and to train 
educators to integrate telecommunications into 
school curriculum. 

TitleloftheESEA- 

FY 1995 Funding: $7.2 Billion 

Title I (formerly Chapter 1 ) is the largest single 
federal education program. Nearly every school 
district in the nation participates in the program, 
which provides supplementary instruction in aca- 
demic subjects to low-achieving children in high- 
poverty schools. Because of its size and reach. 
Title I is a potent force in education today. 

Professional development for teachers who 
work with Title I students has always been an al- 
lowable activity, although the amount or percent- 



age of funding for this activity in recent years is 
not known.28 j^j^g \^q^ found, however, that staff 
development supported by Title I "is generally of 
short duration offering cursory coverage of multi- 
ple topics."^^ 

Educational technologies, primarily comput- 
ers, are used in over half of Title I projects.^^ De- 
spite large investments in hardware and software 
and the popularity of computer-assisted instruc- 
tion in Title I projects, in the past very little Title I 
support has been devoted to helping teachers of 
Title I students use technologies effectively. The 
extent of Title I staff development that addresses 
educational technologies is unknown,^' although 
it was not among the 10 most common topics cov- 
ered in staff development for Chapter 1 teachers in 
1991.2^ Because Title I funding is so large, how- 
ever, even a 1 percent share of Title I funds for 
professional development would amount to a 
$72 million contribution. Therefore, Title I pres- 
ents a potentially large untapped source for 
technology-related professional development. 

The 1994 amendments to Title I give greater 
emphasis to professional development and tech- 
nology use. Title I schools must now "devote 
sufficient resources to effectively carry out" pro- 
fessional development activities, and schools that 
do not meet state performance standards must use 
1 0 percent of their Title I grant for professional de- 
velopment. In addition, a new section on profes- 
sional development requires every school district 
receiving Title I funds to provide high-quality pro- 
fessional development to improve teaching in aca- 



27 Ibid., p. 78. 

28 Case study data from a U.S. General Accounting Omce review of eight local programs found that in school year 1990-91, the schoc 
districts studied used from 0 to 4 percent of their Title 1 budgets for in-house training. The report also noted that it is possible Uiat more fund 
were used for training but werecategori/.cd as nonsalary classroom services. U.S. General Accounting Office. Compemaiory Education: Mo: 
Chapter I Furuls in Eight Districts Used for Classroom Services (Washington, DC; 1992), pp. 12-13. 

2'* National Assessment of the Chapter 1 Program, Reiin entini; Chapter I : The Current Chapter I Program anil New Pirci tions l:.\ccuti\ 
iumwurv (Washington, DC: U.S. Department of Education, Office of ['olicy and I'laniiing, I-cbmary 199.M,p. 21. 

^" National A.sscssmcnt of the Chapter 1 Program, ibid, p. 80. 

^1 Mary Jean LcTciidre, Office of Compensatory Fxliicatioii, U.S. IX-parlmcnt of Education, personal communication, Nov. 17, 199.^ 
" Mary Ann Millsap, Marc Moss, and Beth Gamse, The Chapter I Implementation Study, l- mal Report (Wasliinpton, DC: US. Dcparlmci 
of Uducation, 1993) p. 7-7. 
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demic subjects, and this may include "instruction 
in the use of technology. "^3 The Secretary of 
Education may also fund projects to demonstrate 
promising Title I practices, including application 
of new technologies. 

Title VI Of the ESEA- 

FY 1995 Funding: $347 Million 

Title VI (formerly Chapter 2),^'* which supports 
state and locally determined school reform efforts, 
has been a major benefactor of both school 
technology acquisition and general staff develop- 
ment. In school year 1 99 1 -92, about 72 percent of 
the districts in the nation used Chapter 2 funds to 
buy computer hardware and software, according 
to the most recent national evaluation.^^ The 
school districts examined in a substudy of that 
evaluation spent 17 percent of their Chapter 2 al- 
locations on hardware and software. Extrapolated 
nationally, this would amount to $61 million from 
Chapter 2 funding for technology purchases. 

During the same period, about 27 percent of 
school districts used some Chapter 2 funding on 
professional development (averaging about 13 
percent of their local Chapter 2 allocations).^^ 
Again, if these percentages were extrapolated na- 
tionally, it would come to about $47 million for 
professional development.^'^ It is likely that 
additional funding for professional development 
was reported under other Chapter 2 spending 
categories. 



State education agencies (SEAs) may keep a 
percentage of their federal money for state initia- 
tives (the percentage was reduced from 20 to 15 
percent under the 1 994 amendments). In 1 99 1 -92, 
states used about 12 percent of their Chapter 2 
SEA allocations for professional development ac- 
tivities, or about $ 1 1 million. Funding for technol- 
ogy acquisition from this pot of money was less, 
about 2 percent of the SEA share, or less than $2 
million.3^ 

The national evaluation of Chapter 2 
showed that technology-related training was a 
common topic for professional development at 
both the state and local levels. Of the SEA's that 
supported professional development with Chapter 
2, 69 percent addressed the use of technology in 
instruction as a professional development topic.^^ 
For local education agencies supporting profes- 
sional development with Chapter 2 funds, 39 per- 
cent addressed technology."^ 

In addition, the Chapter 2 legislation specifi- 
cally authorized the use of funds for innovative 
technology education programs for students 
(which might also involve professional develop- 
ment for teachers). Although this initiative com- 
prises only a small portion of SEA and LEA 
support,'*' it has encouraged interesting applica- 
tions. For example, Maryland developed an inter- 
active computer and video system that teachers 
could use to explore effective teaching methods 
keyed to specific learning outcomes in the state's 



I-uiidiiig for this need mit conic from Title 1: they may use Title I, Title II, Goals 2000, and any other souices to provide this professional 
development. 
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central reform initiative. In another example, a 
district in Texas supported the One Computer 
Classroom program, which includes software and 
related staff training to make efficient use of a 
single computer in a whole-class setting.'*^ 

When funding for technology -related profes- 
sional development from all Chapter 2 compo- 
nents is totaled, it is still likely to be far less than 
the investment in equipment. The new Title VI is 
likely to encourage a greater emphasis on 
technology-related professional development, 
by specifying that local grants may be used for 
professional development to assist teachers to 
use technological equipment and software ef- 
fectively. 

Individuals with Disabilities Education Act— 
FY 1995 Funding: $3.3 Billion 

The federal government has recently expanded 
support for technology-related teacher training 
under the various components of the Individuals 
with Disabilities Education Act (IDEA) — the ma- 
jor federal legislation for educating children with 
disabilities (authorization for IDEA is scheduled 
to expire in the 104th Congress). An impetus for 
this growth is the need for teachers who educate 
students with disabilities to be knowledgeable 
about adaptive and assistive technologies. 

The largest IDEA program is the Part B State 
Grant program, which in FY 1995 will provide 
$2.3 billion to educate children with disabilities. 
Part B requires states to have a comprehensive 
system of personnel development that includes 
procedures for adopting promising technology, 
where appropriate, and permits funds to be used 
for leacher preparation and inservice training. Al- 
though 90 percent or more of Part B funds are used 
for direct services to students,'*^ 29 states used 



some Part B funds in 1991 to support inservice 
training. 

The major IDEA program for teacher training 
is the Part D Personnel Development program. 
Funded at $91 million for FY 1995, this program 
provides grants to IHEs, SEAs, and nonprofit or- 
ganizations to train teachers, education personnel, 
and related services personnel to serve children 
with disabilities; to demonstrate new approaches 
to personnel training; and to help states carry out a 
comprehensive system of special education per- 
sonnel development. Most of the funding sup- 
ports undergraduate and graduate degree training 
in special education, through scholarships, fel- 
lowships, and institutional aid. Less frequently, 
grants are used for inservice training. 

In 1990, provisions were added to Part D that 
specifically authorized training in instructional 
and assistive technology services, and this has 
dramatically increased the number of technology- 
related projects. At least 16 projects in 1993 in- 
volved a significant focus on technology. Most of 
these were graduate programs that trained special- 
ists in assistive technology and augmentative and 
alternative communications. One project, for ex- 
ample, is developing the competencies of assis- 
tive technologists through computer technology. 
Another is developing teacher training modules 
using interactive television."^ 

Additional support for technology-related 
training is available through another IDEA pro- 
gram, the Part G Program for Technology, 
Educational Media, and Materials. Part G sub- 
sidizes research, development, and technical as- 
sistance to advance the quality and use of 
technology, educational media, and materials for 
individuals with disabilities. To date, the focus 
has been on research and development. For FY 



« Ibid., p. 57. 

■'■^ U.S. Office of Special IMucation and Rehabilitative Services, Implemcnlulion of the hulmduah »;J/i Disabililics lulmalion Act. hmr- 
ti-cmh Annual Report (» Cwi/^tc.v.v (Washington, DC: U.S. Department of Education, 1992), p. 14.1. 

^ Max Mueller, Office of Special Education and Related Services, U.S. Department of Education, personal communication, Dec. 7, 1 W3. 



230 1 Teachers and Technology: Making the Connection 



1994, however, tiie Department of Education allo- 
cated $1.8 million from this program to fund inno- 
vative projects that combine organizational 
support iuid professional development in technol- 
ogy, media, and materials.'*^ 

Similarly, in the IDEA Program for Children 
with Severe Disabilities, one of five priorities for 
competitive grants in FY 1994 and 1995 was a 
model insen'ice training project to prepare per- 
sonnel to educate students with severe disabilities 
in general classroom and community settings. 
Competency areas could include instructional 
technology and assistive technology."^ 

National Diffusion Network— 
FY 1995 Funding: $14.5 Million 

Begun in 1974, the National Diffusion Network 
(NDN) is a national dissemination system to pro- 
mote the sharing of K-1 2 education programs that 
have been validated as effective by a review panel. 
NDN projects span all subjects, specializations, 
and grade levels. Training teachers is one of the 
main strategies used by the program to help 
schools adopt exemplary projects developed in 
other sites. In school year 1990-91, more than 
32,000 school districts adopted NDN projects, 
and nearly 91,000 educators were trained.'*^ 

The NDN was an early promoter of educational 
technology and early provider of technology-re- 
lated teacher training. Several technology-related 
projects are included in the current roster of proj- 
ects available for adoption. Examples are a pro- 
gram to enhance the ability of teachers to use 
videodiscs to teach core math concepts, a comput- 
er simulation program in environmental educa- 



tion, and a statewide program in Washington State 
that delivers training through satellite technolo- 

gy48 

The 1994 amendments outline several explicit , 
NDN functions related to technology. NDN state- 
level staff must provide professional development 
to participating school districts; this training 
should help districts identify educational technol- 
ogy needs, secure technical assistance to meet 
these needs, and use technology to increase access 
to professional development. 

I National Science Foundation Programs 

Teacher Enhancement— 

FY 1995 Requested Funding: $101 Million 

Technology is embedded in the purpose of NSF's 
Teacher Enhancement program: "to improve, 
broaden, and deepen the disciplinary and peda- 
gogical knowledge of teachers, administrators 
and others who play significant roles in providing 
quality science, mathematics, and technology 
education for students from pre-kindergarten 
through grade 1 2.'"*^ This program provides com- 
petitive grants to LEAs, IHEs, museums, and oth- 
er organizations with records of excellence in 
professional development. In 1993, the program 
reached about 21 ,800 math and science teachers, 
each of whom was expected to train another four 
to five teachers.^o 

Many projects involve intensive summer 
workshops with regular followup during the 
school year, while others use reseai'ch internships, 
workshops, seminars, and other inservice for- 
mats. Projects may target teachers in a single 
school district or in a state, region, or the nation. 



5 U.S. Department of Education. "Technology. Educational Media, and M.iterial.s tor Individuals with Disabilities Program, Fiscal Year 
1994: Application for New Grants," n.p., 1993. 

Federal Register, vol. 5Z. No. 119, June 2.1, 199.1, p. 34189. 

^'^ Several di.strict.s adopted more than one NDN project. U.S. Department of Education. Annual Evaliialion Report, l-iscal Year IWI o 
611-2. 

^ National Diffusion Network, hdm alional Pronrum.'; That Work (Longmont, CO: Sopris West, 199.1). pp. 7- 1 7. 
National Science Foundation. Guide to Programs. Fiscal Year 1994 (Washington, DC: 1991). p. 16. 
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Special emphasis is given to projects that lead to 
systemic reform in education or that provide lead- 
ership training to help effective teachers become 
change agents in their school or district. 

Perhaps one-fifth of the current Teacher En- 
hancement projects focus specifically on technol- 
ogy, and a high proportion of the remaining 
projects use technology as a vehicle for teaching 
math and science. Recent projects have focused 
on helping teachers incorporate computer micro- 
worlds and simulations, new laboratory tech- 
nologies, digital image processing, and 
telecommunications networks into their instruc- 
tion. Others have trained teachers in rural areas 
through distance learning, encouraged teachers to 
develop video materials for classroom use, and 
promoted teacher collaboration through electron- 
ic networking.^' 

Teacher Preparation— FY 1995 Requested 
Funding: $18 Million 

A new program within NSF, the Collaboratives 
forExcellence in Teacher Preparation, seeks to en- 
courage comprehensive change in the undergrad- 
uate education of future K-12 teachers and 
increase the number of teachers well prepared in 
science and math. A reshaping of the former 
Teacher Preparation program, the Collaboratives 
strive to produce creative national models for 
teacher preparation that address both content and 
methods. Collaboratives must involve faculty 
from colleges of education; faculty from college 
departments of math, science, and engineering; 
and K-12 teachers and administrators. They may 
also include two-year colleges, community orga- 
nizations, and public and private sector represen- 
tatives. 



The predecessor NSF program for Teacher 
Preparation supported several technology-related 
efforts, including projects to strengthen math 
teaching through hypermedia instructional mate- 
rials, prepare K-8 teachers to use calculators and 
computers in teaching the fundamentals of proba- 
bility, and integrate computer-based laboratory 
experiences into physical science courses for fu- 
ture middle school and high school teachers.^^ 

The new program strengthens the emphasis 
on technology. Preparing prospective teachers 
to employ the latest technologies is one of the 
goals cited in program guidelines. Every Col- 
laborative project must address the "prepara- 
tion of students in the use of new tools and 
technologies." Funds may also subsidize work- 
shops for faculty and mentor teachers to explore 
and design new methodologies and technolo- 
gies.^^ 

Other NSF programs are likely to be providing 
additional support for technology-related teacher 
preparation. For FY 1994, preparation of K-12 
teachers was one of three special emphases that 
cut across all programs in the Division of Under- 
graduate Education, including programs for 
course and curriculum development, faculty de- 
velopment, improvement of mathematical sci- 
ence instruction, and laboratory improvement.^'* 

Applications of Advanced Technologies— 
FY 1995 Funding: $10 Million 

The Applications of Advanced Technologies pro- 
gram promotes research and demonstrations in 
"revolutionary" technologies that will be avail- 
able in five to ten years, with the goal of speeding 
their transfer to the classroom. Although teachers 
are not the central focus, most projects have a 



^ ' Michael Haiicy. Teacher Eiihanceiuent Program. Directorate of Bdiication and Himi:m Resources. National Science 1-oiiiidalioii. |x;rsoii- 
al communication. Nov. 22. 1993; iind National Science Foundation. Dint lory ofNUI' Siiitportcil Teacher I'.iOumt crttviU I'rojt rls (Washing- 
ton. DC: iy92). 

National Science Foundation. tV/W Oircaory of Awards, Fiscal Year /yW) (Washington. DC: IW2). pp. 14S. l.'iO. and I.S7. 
National Science Foundation. Umlerj^radimic Etiuralion. Proj>rum Atmtmm cmrtu ami iimtlclines (Washington. DC; l^'Al). pp. 2 1-22. 
National Science Foundation. Gimtc to I'rogrann. op.cit.. footnote 49. p. IS. 
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Following the standards set by the National Council for 
Teachers of Mathematics and those of the National Science 
Teachers Association, teacher training programs sponsored 
by the National Science Foundation encourage teaching with 
'hands-on' science, math, and technology activities. 



component for teacher support and develop- 
ment.^^ These teacher activities are less foirnal 
than those sustained by NSF's Teacher Enhance- 
ment program, but are important because they 
yield valuable information about the kinds of sup- 
port teachers need to assimilate advanced technol- 
ogies into their instruction. Support has been in 
areas of intelligent tools and learning environ- 
ments (e.g., an algebra workbench, microcomput- 
er-based laboratories, exploration of virtual 
reality environments); knowledge-based systems 
and intelligent tutors (e.g., intelligent tutors in cal- 
culus, algebra, geometry, and science); and tele- 
communications and educational infrastructures 
(e.g., testbeds for educational networking in sup- 
port of science and math education, worldwide 
Global Laboratory, and schoolwide Earth Lab 
projects ).^^' 



Networking Infrastructure for Education— 
FY 1995 Funding: $15 Million^'' 

This program aims to demonstrate the most inno- 
vative applications of educational networking for 
students and teachers, with the goals of develop- 
ing many different models for using networks ef- 
fectively to improve education. Grants are made 
to consortia that include educational agencies or 
institutions, usually working with other public 
and private sector partners, and federal funds are 
matched with funds from other sources. Projects 
may address networking applications for every- 
thing from an entire state — such as a statewide 
educational network in New Jersey — to a single 
school with a teacher as principal investigator. 
Helping teachers learn to use networks construc- 
tively is an integral part of all the projects, as is 
providing ongoing professional development and 
support through networking. 

I Department of Commerce Programs 

The National Telecommunications and Informa- 
tion Administration (NTIA) of the Department of 
Commerce funds a number of programs to support 
innovation and capacity building of the nation's 
telecommunications infrastructure. NTIA is 
scheduled to play a key role in fulfilling the Ad- 
ministration's goal of deploying an "information 
superhighway" as outlined by The National In- 
formation Infrastructure: Agenda for Action.^^ 
The distance-learning grant awards made by 
NTIA's Public Telecommunications Facilities 
Program (PTFP) since 1979 have created the un- 
derlying infrastructure for distance-learning faci- 
lities at the district and state level. The new 
Telecommunications and Information Infrastruc- 



Ncira Sahclli. Applications of Advanced Technologies. Directorate for Education and Human Resources. National .Science F-oundation. 
personal communication. Dec. 8. 1993. 

National Science Foundation. Guide lo Programs in the Division ofReseurvh. Evolualion (iml Pisscminalion (Arlington. VA: September 
199.^). p. I.i. 

S.*! million of this amount is set aside for projects in the Department of Dcfeii.se Dependents' SchixiK 

U.S. DepartiiiLMit of Commerce. The National Injormalion Infrasiruiiitre: At;cn(la for Aelion (Washington. DC. U.S. (iovcrnment Fruit- 
ing Office. 199.*). 
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ture Assistance Program (TIIAP) was created to 
accelerate the use of telecommunications and in- 
formation technology in the public sector. Each of 
these programs require partnerships and matching 
funds, designed to magnify the impact of federal 
dollars. For example, the TIIAP FY 1994 grants 
were matched by state and private contributions at 
a 2: 1 level, bringing the $24.5-million program to 
a $70-million total investment.^^ 

Public Telecommunications Facilities 
Program— FY 1995 Funding: $29 Million 

These grants are made to colleges and universi- 
ties, school districts, public television and radio 
stations, and consortia of broadcasters and public 
agencies to develop Instructional Television 
Fixed Service (ITFS), microwave, satellite, or 
other telecommunications facilities to serve local 
communities. From 1979 through 1994, over 60 
grants have been made to support telecommunica- 
tions services benefiting K-12 school districts. 
Grants have ranged from $30,000 to $800,000. 

Although not targeted to professional develop- 
ment or teacher training per sc, the distance-learn- 
ing projects supported under these grants offer a 
range of professional development opportunities 
for schools and districts. For example, with a 
NTIA grant of $72,546 the Los Angeles Office of 
Education constructed a satellite uplink facility 
for use by its Educational Telecommunications 
Network (ENT). ETN provides satellite-delivered 
programming for students and teachers in over 
350 school districts in 12 counties serving 3 mil- 
lion students. For the 1994-95 school year, ETN's 
Teaching and Learning Channel is offering 180 
hours of professional development for teachers, in 
topics including methods of teaching math and 
science, working with parents, and integrating 



ecology topics in the curriculum. Approximately 
25,000 educators are reached in these programs. 

Telecommunications and Information 
Infrastructure Assistance Program— 
FY 1995 Funding: $64 Million 

This program supports both planning activities 
and demonstration projects for telecommunica- 
tions networks serving nonprofit agencies and 
state and local governments. In the first year of 
this program, $24.4 million in grants was awarded 
to 92 projects. Eleven grants, totaling $3.72 mil- 
lion, were made to SEAs or school districts to 
provide telecommunication infrastructure devel- 
opment at the K-12 level. This represents 15 per- 
cent of the TIIAP FY 1994 grant support.^^ In 
addition, a number of other grants went to univer- 
sities, state agencies, or other organizations for 
planning purposes or demonstration projects that 
will also benefit the K-12 sector. At one end of the 
funding spectrum is the $3,000 grant to the Hall 
Elementary School District No. 8 in rural south- 
west Montana to install an Internet connection in 
■ its two-room school building. The connection, the 
town's first, provided the 25 students and 95 resi- 
dents of the town with access to Montana's state- 
wide information services as well as national 
resources. At the other end of the spectrum, a 
$450,000 grant to Columbia University connects 
the university and the Environmental Defense 
Fund with students and teachers in the Harlem 
(NY) Economic Empowerment Zone. Environ- 
mental resources will be provided to teachers and 
students through the extension of high-speed net- 
works and graphical interfaces for teaching. The 
project will include purchase and installation of 
new equipment in six schools, provision of curric- 
ular material and support, and necessary elements 
for connections to the university. 



Hmilio (ion/akv. Dcpanrncm ot ("oniinercc. NalimialTc-lcconimunicatidiv; and Inr<irniali(in Ailiuiiiislialioii, OITice of Tcleconimunica- 
lions and Inlornialiiin Applkalions. [K-rsonal Cdninninicalion. November IW4. 

Ibid. 
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National Endowment for Children's 
Educational Television— FY 1995 Funding: 
$2.5 Million 

The National Endowment for Cliildren's Educa- 
tional Television (NECET) supports the creation 
and production of television programming specif- 
ically directed toward the development of funda- 
mental intellectual skills of our nation's children. 
Although NECET primarily supports program- 
ming intended for general viewing, much of the 
programming it funds also has applicability with- 
in a classroom context. An example, of NECET- 
funded programming is "Wufniks!" This 
prospective series was supported by a FY 1993 
grant of $157,903 for planning, development, re- 
search, scripting, and evaluation of a pilot. "Wuf- 
niks!" is intended to help 5- to 9-year-olds develop 
an awareness of, curiosity about, and engagement 
in general science, math, and technology. A fol- 
lowup grant of $100,000 in FY 1994 is supporting 
the research and development and scripting of six 
30-minute episodes of the series. 

SUMMARY OF FEDERAL EMPHASIS IN 
TECHNOLOGY-RELATED TRAINING 
SERVICES AND ACTIVITIES 

The preceding program descriptions give a sense 
of the broad strategies and categories of federal 
support for technology-related teacher develop- 
ment. While there is great variety at the program 
or project level, some general conclusions about 
technology-related services and activities in fed- 
eral programs can be drawn by looking at a num- 
ber of factors, including the specific treatment of 
technology, program content and teachers served, 
the form of training, and uses of technology across 
programs. 

I Role of Technology in Training 

Federally funded projects today use or address 
technology in much more diverse and innovative 
ways than they did just a few years ago (see box 
6-2). By and large federal programs are moving 
away from treating technology as a compartmen- 



talized subject or an end in itself (e.g., providing 
teachers with a computer "class") and toward 
viewing technology as a means of delivering, ex- 
panding, and changing instruction in a variety of 
subjects. 

Often the focus continues to be educating 
teachers about technology. Activities in these 
types of projects vary in intensity and strategy 
from one-time training that acquaints teachers 
with a single application (e.g., how to u.se graph- 
ing calculators in math instruction) to ongoing 
support that helps teachers understand how using 
technology can change teaching style and instruc- 
tional techniques (e.g., how to use global telecom- 
munications to facilitate a hands-on, project 
approach to environmental education). In some 
programs, such as NASA's teacher activities in 
space science, real-world applications of technol- 
ogy also form the content being studied by teach- 
ers and students. 

Some federally funded projects are exploring 
which technological applications are most ap- 
propriate for different types of learners, such as 
children with disabilities or those with limited- 
English proficiency. Others are exploring effec- 
tive ways to integrate technologies into the 
teaching of particular subjects. As a result of the 
math and science orientation of so many federal 
training programs, the group that has been most 
served by federally subsidized training is math 
and science teachers at the middle and secondary 
school level. Recently, the math and science train- 
ing needs of elementary teachers have received 
greater attention from these programs. 

Far rarer is training that integrates technol- 
ogy into the teaching of history, social studies, 
the arts, or English. Prototypes do exist, how- 
ever. For example, the National Writing Project 
supported by ED, which provides professional de- 
velopment in writing instruction, encourages the 
use of technologies in the writing classroom and 
has supported a teacher network. A project funded 
by the National Endowment for the Arts is train- 
ing teachers to use video technologies as part of 
broader training in integrating media arts into the 
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BOX 6-2: Some RDles for Technology in Federally Funded Prolessiohal Development Projects 



Training About Technology 

• Acquainting teachers with the use of a specific technology, such as satellite technology, and assistive 
technology for children with disabilities. 

■ Familiarizing teachers with a variety of technology tools and applications, such as telecommunication 
networks. 

■ Training teachers to use technology to facilitate new instructional approaches (e.g., using networks to 
help students become investigators). 

■ Teaching teachers to integrate technology into a specific subject (e.g., using computer simulations in 
physics). 

■ Helping teachers learn to incorporate technology across the curriculum, such as accessing libraries, 
databases, and networks. 

Training With Technology 

■ Delivering telecourses or teleconferences by satellite. 

■ Videotaping training sessions. 

■ Videotaping and critiquing of teacher performance. 

■ Modeling good instruction on video. 

■ Computer-assisted training modules for independent study. 

■ Using laboratory tools for research assignments or internships. 

■ Using telecommunications networks for research, interaction, and collegia! work. 

■ Providing computer databases on instructional issues. 

■ Providing computer or video guides to accompany training materials. 

SOURCE Office of Technology Assessment. 1995. 



classroom.^' A project supported through the Ja- 
vits Gifted and Talented Education program used 
telecommunications to link civics teachers with 
mentors in the legal community.^^ grant from 
the ED Fund for the Improvement of Schools and 
Teachers helped social studies and history teach- 
ers create multimedia lessons on a historical peri- 
od, such as the 1920s, by accessing print, video, 
and studio materials with Macintosh computers 
and HyperCard software (see box 6-3).^-' 

The expansion of the Eisenhower program to 
other academic subjects may expand these kinds 
of models of federal professional development 



programs for teachers of academic subjects other 
than math and science. Foreign language pro- 
grams administered by ED, arts and humanities 
programs under the National Endowments, and 
others may have great untapped potential to reach 
a broader base of teachers and subject areas. To 
spur technology integration in other subjects, fed- 
eral grant invitation guidelines could include lan- 
guage encouraging such projects. 

Many federal technology-related training proj- 
ects also address pedagogical issues, such as 
instructional methods and classroom manage- 
ment. Strategies for meeting the needs of special 



Vonnic Sanfdrd. Ohio Art Council, personal communication. Dec. Id. I99.V 
'^^ U.S. Department of F.ducation. unpublished I V02-9.^ abstracts from the Javits Gifted and Talented Students liducation ftoprani (Wash- 
ington. DC: n.d.. n.p.) 

''^ Aniiinda Podane. University of California at Los Angeles, personal coniinunicalion. Dee. 16. IW.V 
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BOX 6-3: How Some Federally Funded Projects Have Integrated Technology into 
Teacher Preparation and Professional Development 



■ Teachers learned to implement the "Jason Project" Curriculum, which uses interactive distance learning 
to "take students and teachers along" on undersea robot explorations; together they learn more about 
science, geography, social studies, and even Greek mythology in the process. Elsenhower Profes- 
sional Development Program, Department of Education 

• Teachers created multimedia lessons for a thematic, interdisciplinary approach to history and social 
studies: a lesson on the 1920s, for example, might use photo images of the flapper fashions, readings 
from The Great Gatsby, and historical materials from newspapers. Fund for the Improvement and Re- 
form of Schools and Teachers, Department of Education 

■ Michigan school media specialists learned to use telecommunications technologies, to introduce network- 
ing in their schools, and help teachers in their schools develop lessons by accessing databases through 
the Internet. Library Education and Human Resource Development, Department of Education 

• A Star Schools partnership broadcast a six-session, nine-hour professional development telecourse to 
help middle school teachers use inquiry-based computer programs to support the kinds of math instruc- 
tion called for in math teaching and learning standards. Star Schools, Department of Education 

■ Undergraduate teacher education students learned how to produce multimedia materials for reading 
instruction. Fund for the Improvement of Postsecondary Education, Department of Education 

■ Students, teachers, university faculty, and community members were linked electronically at a magnet 
school for math and science; teachers had continuous support through teleconferencing. Javlts Gifted 
and Talented Education Program, Department of Education 

■ Using McAuliffe fellowship money an Iowa teacher bought 18 electronic keyboards, and took them to 
area schools to show other teachers how to use them with computers for teaching music by recording 
accompaniments, transcribing arrangements, and coordinating playing among groups. Another teacher 
outfitted a school bus with computer-based multimedia technologies, and shuttling between two Ken- 
tucky schools, he showed other teachers and students how to integrate technology into all subjects. 
Chrlsta McAuliffe Fellowships, Department of Education 



groups of children are a common theme, as is us- 
ing a constructivist approach or a "discovery" ap- 
proach to teaching. Sometimes pedagogical 
issues are the sole focus of training, as with certain 
teacher telecourses developed by the Star Schools 
partnerships. More often, pedagogy is addressed 
in tandem with subject-matter training. Some fed- 
eral programs, such as the new Eisenhower pro- 
gram, require professional development to be 
based on solid research about effective teaching 
and learning. 

Several federal programs expose teachers to 
state-of-the-art technology through research and 
training experiences in federal laboratories and fa- 
cilities. This approach presents unique opportuni- 



ties for teachers, maximizes the use of expensive 
federal resources, engages the expertise of federal 
scientists, and contributes in-kind support to 
training programs. Exposure to advanced technol- 
ogies in a training situation creates a challenge for 
the teacher, however, who must figure out how to 
translate the new experiences and knowledge into 
something usable in the classroom, especially 
when the technology in question is neither practi- 
cal for students nor accessible to many schools. 
Some projects have taken steps to address this 
problem. The Summer Teacher Enhancement 
Program requires teachers to develop lessons or 
experiments to take back to their schools and 
plans followup visits from scientists or research- 
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BOX 6-3 (cont'd.); How Some Federally Funded Projects Have Integrated Technology into 
Teacher Preparation and Professional Development " 



• At the National Wetlands Research Center in Louisiana, teachers spent four weeks in hands-on training 
and research projects involving light and electron microscopy, learned about the wetlands biosystem, 
and brainstormed ideas for incorporating microscopy into their curriculum. Interagency Summer 
Teacher Enhancement Program, Department of Energy 

• Teachers learned to use the Geological Information Service natural resources database of the Columbia 
River Estuary to develop a project-oriented curriculum for secondary school students. Environmental 
Education Grants, Environmental Protection Agency 

" Minnesota teachers focused on using constructive mathematical and computer models to study scien- 
tific phenomena. Teacher Enhancement, National Science Foundation 

• Teachers and students in poor rural schools in Mississippi were able to access courses, instructional 
support, and materials via nine multimedia Interactive Technology Centers housed at high schools 
across the state. Public Telecommunications Facilities Program, Department of Commerce 

• By integrating multiple diverse computer networl<s across the State of Alasl<a, 81 percent of the popula- 
tion, including K-12 educators, will have non-toll access to a combined education/government/library 
networl<. Telecommunications and Information Infrastructure Assistance Program, Department of 
Commerce 

• In the science and mathematics Teaching Teleapprenticeships program, teacher education students 
and practicing teachers participate in electronic networl<- based activities with K-12 students, teachers, 
university-based scientists, and teacher educators using specially developed communication tools for 
math and science education. Applications of Advanced Technologies Program, National Science 
Foundation 

SOURCE Office ol Techno'ogy Assessment. 1995 



ers during the school year. To address this issue 
further, the Department of Energy is working with 
the Bank Street College of Education to synthe- 
size research on effective transfer of advanced 
technologies into classroom settings.^'* 

Federal programs are also encouraging profes- 
sional development and preparation with technol- 
ogy — in other words, as a mode for delivering 
training. Federally funded projects are experi- 
menting with the full range of options: distance 
learning, electronic networking, video training 
materials, videotaped models of effective teach- 



ing, videotaping and critiquing of novice teachers, 
computer-assisted training and modules for inde- 
pendent study, electronic libraries of instructional 
resources, and more. Networking, rare a few years 
ago, is receiving increasing attention in federal 
programs as a vehicle for teacher interaction with 
peers or students and for foUowup to formal train- 
ing. Less common are applications that combine 
multiple technologies, although some of the na- 
tional demonstration programs are working on 
this concept. 



'"' MiirgiiRM Dwvcr. Olllci- ol I Iiiivcrsitv and Science lulucalion Programs, Program Kvulualion Branch. LI S. Dopartmcnl of Energy, per- 
sonal communicalion. Pec. 14, IW.V 



238 1 Teachers and Technology: Making the Connection 



BOX 6-4: Followup Strategies Used in Federally Supported Professional Development Programs 



The value of professional development programs can be enhanced by providing followup and support 
after formal coursework ends. A number of approaches have been tried, including: 

■ newsletters, periodic mailings to participants; 

■ requirements for teacher participants to train or share information with others; 

■ requirements for teachers to develop projects or lesson plans to take back to school; 

■ scheduled reinforcement sessions, conferences, or meetings during the year; 

■ formal planning for curriculum implementation by teams of teachers: 

■ ongoing access to lending libraries, resource centers, materials, equipment: 

■ teleconferences, video conferences; 

■ on-site visits by trainers or colleagues; and 

■ electronic or video networking with fellow participants, trainers, experts, and others. 
SOURCE Office of Technology Assessment. 1995 



I Strategies for Followup and Support 

What happens to teachers after formal training 
ends has been a critical issue in past and present 
federal programs. Recognizing this, programs 
such as the Eisenhower Professional Develop- 
ment Program, the NSF Teacher Enhancement 
program, and others are encouraging stronger fol- 
lowup. Some federal projects now require partici- 
pants to make an upfront commitment to attend 
followup meetings during the year, develop proj- 
ects and lesson plans to implement in their class- 
room, or share what they have learned with a 
certain number of other teachers (see box 6-4). 

Particularly promising are approaches that use 
telecommunications networks or interactive vid- 
eo and audio to keep participants in constant con- 
nection with each other, their training leaders, 
scientists, or scholars. Access to networks can re- 
duce the need for scheduled reinforcement ses- 
sions and can provide teachers with on-the-spot 
answers to questions. Some of the newest projects 
are building a requirement for followup network- 
ing into their training activities. The Department 
of Energy has supported the development of eval- 
uation "templates" that local projects can use to 



determine whether they are including the most ef- 
fective practices for training teachers; included in 
one template is the use of telecommunications for 
followup. ^5 

I Strategies for Magnifying Impact 

To implement new technology-based knowledge 
and approaches in the classroom, teachers must 
have a number of supportive resources and condi- 
tions. These include: 

■ access to the technologies addressed in train- 
ing; 

■ appropr'fte software, instructional materials, 
and equipment; 

a\'ailability of telephones in the classroom; 

■ complementary assessment praC'ces; 

■ supportive scheduling and class assignment 
policies; and 

■ a school climate conducive to change. 

Learning from some of the shortcomings of 
past teacher training efforts, many newer federally 
funded projects for professional development are 
attempting to address local organizational condi- 
tions in the design phase. Some programs are re- 



''^ Ibid, llic templates are incliideii iti National Center for Improving ,Scicni.e l-duratioii. I'rofilinn Tcai her l)< \rloi>mctU Programs: An 
Aliproach In iornmlnc EuiUuitkm (Andover, MA: The NETWORK. 19y.l). 



Chapter 6 Technology and Teacher Development: The Federal Role 1 239 



BOX 6-5: Strategies Attempting To Magnify the Impact of federal Support for 
Tecfinology-Related Teacher Development ' 



Past and current federal programs have not been funded at sufficient levels to undertake a massive 
upgrading of tfie general U.S. teacfiing force. However, a number of strategies fiave been used to expand 
and enhance the impact of federal professional development dollars. These include: 

■ training the "trainers of teachers," such as college of education faculty or district instructional 
supervisors; 

■ improving teacher preparation in colleges of education through new or better courses, stronger links 
with faculty in content departments, and other institutional reforms; 

» targeting key teachers or "teacher-leaders" who train peers or promote change :n their schools; 

■ requiring teams of education personnel from the same school or district to attend training together, 

■ supporting model or demonstration projects that can be disseminated and adopted by other districts; 

■ developing new organizational arrangements for training teachers, such as field-based training or col- 
laborative training involving school districts, institutions of higher education, and other partners; and 

■ coordinating professional development with current curricular reforms, such as implementing new con- 
tent standards for mathematics. 

SOURCE: Office of Tectinoiogy Assessment, 1995 



quiring administrators to participate in training, 
encouraging administrator-teacher teams to par- 
ticipate together, requiring local funding con- 
tributions, or asking administrators to agree 
upfront to provide certain support after teachers 
return from training. 

Federal programs have used various strategies 
to attempt to magnify the effect of limited federal 
dollars (see box 6-5). 

HISTORICAL PRECEDENTS FOR 
TECHNOLOGY-RELATED PROFESSIONAL 
DEVELOPMENT'S 

The current efforts to support technology-related 
teacher development are not the first time the fed- 
eral government has tried to influence teacher 
preparation and professional development in spe- 
cific directions. In the 1950s,^^ the federal gov- 



ernment began supporting efforts in which the 
strands of teacher training and educational 
technology intersected. 

Much like the present role, past support for 
technology-related teacher development was 
mostly optional and came from diverse pro ■ ..ms, 
including programs to develop and expand me use 
of educational technologies, to train teachers in 
math and science, to improve education of chil- 
dren with special needs, or to foster educational 
innovation. Also relevant are certain federal ini- 
tiatives to reform general teacher preparation and 
professional development, such as the Education 
Professions Development Act (EPDA) (see table 
6-1). 

As with recent efforts, these past federal pro- 
grams did not follow a neat linear progression but 
rather were marked by periods of attention and ne- 



'^For afullcrdcscriplionof past federal efforts to influence teacher preparation and professional development, sec N. Kolwr, ■Teaclicis and 
Technology: The I'ederal Role." contractor report prepared for the OfTicc of Technology Assessment. U.S. Congress. Washington. DC. May 
1994. 

(>7 pcderal involvement in teacher preparation actually dales back to the .Second Morrill Act of 1 890 and the Sniith Huphcs Act of 1 9 1 7. both 
of which supported vocational teacher preparation. The history most relevant to this discussion, however, begins in 19.S.I with the fir\l N.SI- 
institutes for secondary schixil teachers. 
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gleet and propelled by frequently shifting con- 
gressional concerns — e.g., heading off Soviet 
technological threats, staffing federal programs 
for disadvantaged and handicapped children, or 
improving the educational quality. Over four de- 
cades, numerous programs were started, expand- 
ed, and revised — then later reduced, consolidated, 
eliminated, or allowed to expire, often for reasons 
that had little to do with continuing need or pro- 
gram quality. A review of some of the key histori- 
cal efforts reveals parallels between past and 
present federal policies affecting teachers and 
technology. 

I Early Technology-Related 
Training Projects 

In 1 954, spurred by reports of increased Soviet 
production of scientists and engineers, NSF ex- 
tended an existing program of institutes for col- 
lege faculty to include an experimental summer 
conference for high school teachers. By the late 
1950s, NSF was sponsoring a variety of summer 
and academic-year institutes and training oppor- 
tunities for high school teachers. 

Although the content of the NSF institutes was 
not specifically geared to technology — except for 
use of laboratory and other equipment — the insti- 
tutes constituted a large-scale professional renew- 
al effort that opened the door for more active 
federal involvement in teacher training and set a 
standard for quality. Early institutes were con- 
ducted on university campuses, taught by eminent 
scientists, emphasized disciplinary content 
knowledge, and targeted the most experienced or 
talented teachers and teachers of advanced high 



school subjects. Later institutes reached out to 
other kinds of colleges, involved content in more 
general science topics and teaching methods, and 
targeted elementary teachers, less well prepared 
teachers, new or re-entering teachers, and trainers 
of teachers. 

Between 1958 and 1974, the "golden era" of 
NSFprecollege institutes, the agency spent nearly 
$750 million forteacher training and upgrading.^*^ 
By 1974, about half of the nation's high school 
science teachers had participated in at least one 
NSF institute, according to agency estimates.^^ 

What was the impact of this investment? Stud- 
ies found that the institutes generally succeeded in 
improving participants' subject matter competen- 
cy and understanding of scientific methods and 
encouraged them to continue in their educational 
careers and assume leadership roles. Research 
yielded conflicting findings as to whether benefits 
for teachers translated into improvements for their 
students; some studies said that pupils of partici- 
pating high school math teachers had higher 
achievement scores than pupils of nonpartici- 
pants,'' while others found no such relationship 
or insufficient evidence.'^ 

Another seminal program was the National De- 
fense Education Act of 1958, a collection of cate- 
gorical programs to strengthen education in fields 
considered critical to national defense. Among the 
programs were several related to preservice or in- 
service training, including loans and fellowships 
for undergraduate and graduate studies in educa- 
tion. The Title XI program, added in 1964, autho- 
rized inservice teacher institutes in a variety of 
subjects other than math and science (under the 



Victor L. Willson and Anioinc M. Garibaldi, '•The Effect of Teacher Participation in NSF Institutes Upon Student Achievement." Re- 
search Paper No. 10. Universitv of Minnesota. Minneapolis. MN, 1974. p. 1 . 

'''Congressional Research Ser%'ice. '•'riie National Science Foundation and Pro-College Science Education: 1950- 1975." report prepared 
for the Subcommittee on Science. Research, and Technology of the Committee on Science and Technology. U.S. House of Representatives. 
Committee Print. 94th Congress. 2d Session (Washington, DC; U.S. Goveninient Printing OiTice. January 1976). p. 207. 

™ K. Forbis Jordan. "Precollege Science and Matlieniatics Education: Experiences with the National Defense Education Act and tlie Teach- 
er Institutes Conducted by the National Science Foundation." Congressional Research Service. I .ibrary of Congress. Report No. 82-2 1 4 S. De- 
cember 1982, p. 19. 

Willson and Garibaldi. o[i. cit., footnote fiS, p. 14. 

''Jordan, op.cil., footnote 70, pp. 19-20. 
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From 1958 through the 1970s, the federal government supported many workshops and summer institutes to help math and 
science teachers improve their teaching skills. 



purview of NSF). Of particular relevance to 
technology were the institutes to train library and 
educational media personnel. The NDEA also 
provided grants for schools to acquire laboratory 
equipment and authorized a program of exper- 
imentation in educational television, radio, mo- 
tion pictures, and similar media; teacher training 
was not supported to any meaningful degree under 
these two programs. 

Another federal program relevant to education- 
al media and technology was Title II of the Higher 
Education Act of 1965, which provided preser- 
vice and inservice training for librarians, includ- 
ing school librarians; this program still exists in 
modified form. The Higher Education Act also in- 
augurated a program of graduate fellowships in 
educational media. A 1969 study concluded that 



the federal programs for media specialists and li- 
brary training, along with the programs for 
instructional media for children with disabilities 
discussed below, encouraged institutions of high- 
er education to revise their instnictional media 
courses to incorporate material on television and 
computers and helped increase the use of instruc- 
tional media in the classroomJ^ 

A far-reaching federal effort to reform 
teacher education was the Education Profes- 
sions Development Act of 1967 (EPDA), char- 
acterized by some as "the peak involvement of 
the federal government in teacher educa- 
tion."^'* This legislation sought to coordinate and 
expand personnel training at all levels by combin- 
ing existing and new federal teacher programs into 



^■^ U.S. Olficc of 1-ducation, The ICiliit uliim Profr.s.uon.s: A Kcporl on llu- Pcnjile U /io Sen c Our Si IiudIs timl Colleges— I96K (Washington, 
DC: U.S. Oovcmmcnt Priming OfTicc. 1969). p. 182. 

David 1.. Clark and Robert 1'. McNcrgncy, "tiovcrnanLC ol Tcaiiicr 1 Aliicaliim."//<im//i(i(iA oj Krwurcli <»i Ti uclit r IaIiic(iIii>ii,\\'. Rolx-rt 
Houston (cd.) (New York. NY: Macmillan, 1990), p. 101. 
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a single legislative package. Among its compo- 
nents were programs for professional develop- 
ment for vocational education teachers, new 
fellowship opportunities to encourage advanced 
training in educational television and radio and to 
prepare instructional media specialists. 

To oversee the EPDA programs, a new Bureau 
of Educational Personnel Development was es- 
tablished in the Office of Education. Implementa- 
tion of the act was hampered, however, by dissent 
about its purposes, contention over its administra- 
tion, limited funding in light of expectations, 
lukewarm support from Congress, omission of 
several specialized training programs from the 
act's coordinating functions, and diffusion of re- 
sources across too many programs. A decade later, 
all the EPDA programs had been repealed except 
the Teacher Corps, and it was years before Con- 
gress again considered comprehensive reform 
legislation for teacher training. 

The Teacher Corps program, established by 
the 1965 Higher Education Act then subsumed 
under the EPDA, was a comprehensive and in- 
tensive effort to revamp teacher training and 
also fill teacher shortages in low-income areas. 
The program recruited young college graduates 
who otherwise may not have become teachers to 
leach in teams in low-income schools under the 
guidance of experienced teacher- leaders. The pro- 
gram sought to provide teachers-in-training with 
more meaningful field experiences, to incorporate 
innovative strategies from the latest research, and 
to strengthen linkages among school districts, 
higher education institutions, and communities. 
Although it did not spiicifically address technolo- 
gy, it is important because it trained over 6 1 ,000 
education personnel and over 10,000 interns^^ and 



pioneered strategies that are now commonplace, 
including field-based preparation, team teaching, 
flexible grouping, individualized instruction, 
multicultural education, community-based edu- 
cation, and collaborative deci -.ionmaking.^^ 

I Special Education Personnel 
and Teclinologles'^^ 

The federal government played a unique role 
in the training of special education personnel, 
one that was much more influential and more 
receptive to the use of educational technology 
than the federal role in general teacher train- 
ing. In fact, it was the need to prepare teachers to 
work with mentally retarded children that 
prompted the federal government to become in- 
volved in special education in the first place. 

Federal support for special education personnel 
development began in 1958 with a program of 
grants to states and higher education institutions 
to train teachers and other specialized personnel 
to educate mentally retarded children. Initially 
this was viewed as a short-term endeavor, but as 
the federal government broadened its commit- 
ment to special education and later mandated free 
public education for all handicapped children, it 
became clear that special education personnel 
training would be a major and continuous under- 
taking. 

Federal attention and funding produced swift 
and noticeable impacts: rapid growth in the num- 
ber and capacity of university and state training 
programs, an equally rapid increase in the humbei' 
of specialists equipped to teach handicapped chil- 
dren, and improvements in the quality of training 
offered. 



U.S. Dcpartnicnl iif Education. Office of Educr.tional Research aiid linprovenienl. An Overview of the Teachrr Corps Program. 
IV65-I9H2. n.d.. pp. 22-25. 

Jerome Freiberg and Hersholt C. Waxtnan. "Changing Teacher liducation." Handbook of Reseureh or. Teacher h.diualion. W. Robert 
Ho'iston (ed.) (New Yorl;. NY: Macmillan. 1990). pp. 617-635. 

" 'Phi's discussion is based on Richard P. Holland and Margaret M. Noel. A Review of Federal l.e^iislalinn Coneernins< Special Education 
Personnel Preparalion. Technical Report (College Park. MD: University of Maryland. 198.*)); U.S. Department of Health. Education, and Wel- 
fare. A Summary of Selected Legislation Relatinn to the Handicapped. /96.?- (Washington. DC: U.S. Government Printing Office, 1968); 
and U.S. Office of Education. The Education Professions, op. cit.. footnote 7.1. 
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BOX 6-6: Early Federal Support for Training Special Education Teachers in 
.. Instructional Media and Tectinology Applications 



The federal movement to make instructional media more available to disabled persons began In 1958 
with enactment of a free loan service of captioned motion pictures for deaf persons. The popularity of this 
program highlighted the urgent need for better dissemination and personnel training in special education 
media. 

In response, two types of centers were created. A network of Special Educational Instructional Materials 
Centers (IMCs), begun in 1964, collected materials for special education and offered conferences, work- 
shops, institutes, and ultimately university credit courses to train teachers in their use. A parallel network of 
Regional Media Centers (RMCs) established in 1966 did much the same for media materials for deaf 
persons. 

In 1968 these two types of centers were merged Into an IMC/RMC network that experimented with film, 
television, audio, typewriting, and even computer technologies — as well as more conventional materials— 
for all types of handicapped persons and that provided related inservice and preservice training. A 
National Center on Educational Materials and Media for the Handicapped collected and disseminated 
information about materials and related media training. 

By 1974. about 15,000 teachers had been trained in media and materials through these federal 
programs. Together these programs helped promote wider use of a range of educational technologies, with 
benefits for both handicapped and nonhandicapped learners, in 1986, the authorizations for all activities 
related to media, materials, and technologies for special education were grouped under a new Part G of 
the Education of the Handicapped Act (EHA), the flagship federal law for special education enacted in 
1970. This law has now been replaced by the Individuals with Disabilities Education Act. 

SOURCES LeRoy Aserhpd. The Special Education IMC/RMC Network," Educational Technology, vol 10.. No. 8. August 1970, pp 
32-33:SC Ashcrolt."NCEMMH A Network of Media/Material Resources." Aod/owsuaZ/nsfrucfton, vol 21, No 10, pp. 46-47. William 
D Jackson, "The Regional Media Centers lor the Deal. "Educaf/ona/rechno/ogy. vol. 10, No 8 .August 1970, pp. 45-48; and Malcolm 
J Norwood. ■ Review ol Med>a Sereices and Captioned Films," American Annals of the Deaf. vol. 1 19. No 5. October 1974. pp 
460-465 



During the early 1960s. Congress expanded 
personnel preparation programs to address other 
disabilities in addition to mental retardation and 
to cover all levels of inservice, undergraduate , 
and graduate preparation. In 1966 the federal 
government enacted a major state grant program 
for special education, which included a Part D de- 
voted solely to personnel development. 

Developing along a parallel track, the federal 
government initiated several activities to furnish 
educational media to help deaf and blind children 
learn (see box 6-6). These programs included sub- 



stantial training components and pioneered sever- 
al innovative uses of technologies. 

I Technology Research, Development 
and Innovation 

NSF was an early leader in developing education- 
al technology and exploring effective ways to help 
teachers implement it. From 1968 to 1981,precol- 
lege technology projects received between 1 and 3 
percent of NSF's annual science education budg- 
et.^*^ For example, the Precollege Teacher Devel- 



For a more complete de.Miiption of (lie lii.stor> of federal support fortcehnology at ihc K- 1 2 level, see U.S. Congress. Office of Technolo- 
gy Assessment. Power On.' New Taoh fiir Trachiiii; and U-urninn. OTA-SF.T-379 (Washington, DC: U.S. Govemnient Printing Office, Septem- 
ber 1989), esiKcially pp. 151-171. 
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opment in Science Program supported teacher 
institutes, predominantly for secondary school 
teachers, in improving the teaching of science. 
Many of these institutes in the late 1970s sup- 
ported teacher training in computer literacy and 
emerging technology applications. 

The Office of Education (OE), which later be- 
came the Department of Education, had an on- 
and-off relationship with educational technology. 
As early as 1 967, for example, a few Title I proj- 
ects were using educational television to deliver 
services to disadvantaged children, and as early as 
1969, some Title I projects were pioneering com- 
puter-assisted instruction. In at least some cases, 
these projects trained teachers to implement these 
technology-based approaches. Little information 
is available about the nature and extent of these 
experiments; it appears that the training was short 
and largely focused on how to use specific televi- 
sion or computer programs with Title I students.^^ 

Another early stimulant of technology innova- 
tion was the original 1965 Title IIi of the Ele- 
mentary and Secondary Education Act, which 
made competitive grants to school districts to 
demonstrate the feasibility of a wide range of 
educational innovations. Inservice training was a 
key strategy for local implementation of Title III 
projects. As noted by a major study of sustained 
change in Title III and other federal innovation 
programs, "successful change agent projects 
seemed to be operating as staff development proj- 
ects."*^° Title III was also a pacesetter in piloting 
educational applications of television, computer, 
and other technologies and in some cases provid- 
ing teacher training in or with technology. One 



1968 Title III project in rural New Hampshire, for 
instance, trained art teachers through televised in- 
sei-vice courses produced jointly by a university 
and a school district.^' 

The Regional Educational Laboratories and 
Educational Research and Development Centers 
that look shape with federal funding in the 1960s 
also helped expand the knowledge base in teacher 
education, promote redesign of professional de- 
velopment strategies, and explore educational ap- 
plications of technology — roles that they continue 
to play today. In the 1960s, the Labs and Centers 
were early promoters of educational television, 
and experimented with using this medium to de- 
liver professional development, until studies 
showing limited impact dampened enthusiasm. 
Several years later the introduction of computer 
instructional technologies revitalized the role of 
the Labs and Centers in educational technology 
research and development. 

Between 1965 and 1971 , OE drew upon the re- 
sources of more than 100 discretionary programs 
to channel $160 million into more than 500 com- 
puter-related projects. This scattershot approach 
fell short, though, according to then U.S. Com- 
missioner of Education Sidney Marland, because 
it failed to produce a coherent body of knowledge 
about effective uses of educational technology. 

During the next decade, between 1971 and 
1980, the federal government spent about $350 
million on projects for educational technology, 
according to one study. If support for educational 
broadcasting and school audiovisual equipment is 
included, the figure is over $1 billion. About half 



'''' Bcisy Mynhier, ■ The Imp.ict of Federal Prngrams on Learning to Read in Appalachia." pa[xv presented to the International Reacii.ig 
Association conference, Kansas City, MO, April ?()-May 3. 1969; Pittsburgh Public Schools, ESEA Title I f'rojccis Evalualion Rcporl 1967. 
Volume // (Pittsburgh, PA: Pittsburgh Public Schools, 1 967); and W Paul Street, ■Computeri/ed Instruction in Mathematics Versus Other Meth- 
ods of Mathematics Instruction Under ESI- A Title 1 Programs in Kentucky." flurcau of School Senices Bulletin, vol. 45. No. I . September 1972. 

Paul Herman and Milbrey W. McLaughlin. Federal Prograim Supiiorling lulucalional Change: The I'imliiia.'! in Review (Santa Monica. 
CA; The Rand Corporation, 1 975), cited in McLaughlin and Berman, HTie Art of Retooling lulucatioiial Staff Development in a Period of Re- 
trenchment," Rand paper series P-5yX5, 1977. p. 2. 

New Hampshire SupcI^'isory Union 21. "Inser\ice Teacher Education Courses in Art and Science for the l-Meinentary Teachers of New 
Hainpshirc: An Evaluation Report." n. p.. I%X. 

U.S. Office of I-ducation. The luliicalion l'rofe\sion.s. op.cit.. 7.1, p. 1X2. 
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the funding came from large grant programs, such 
as ESEA's Title !, Title IV-B (for library books and 
instructional materials and equipment), and Title 
IV-C (for educational innovation). The remainder 
came from small discretionary propcts with a 
technology focus.**-^ An unidentified portion went 
toward technology-related teacher training. 

In the early 1980s. ED supported PreCollege 
Teacher Institutes in Science for elementary 
school teachers. Some of these projects trained 
elementary teachers in computer applications, be- 
fore the program was consolidated into Chapter 2 
block grants. (Chapter 2 consolidated several oth- 
er teacher training authorities, most notably the 
Teacher Corps and the Teacher Centers.) 

Although the block grant concept meant that no 
new discretionary programs were funded during 
this era, then Secretary of Education Terrell Bell 
promoted his Secretary's Technology Initiative 
aimed at pulling all technology-related projects in 
the Department under one umbrella. (Funding and 
program authorizations remained separate, how- 
ever.) Teacher training to support technology use 
was authorized in most of these projects, but was 
not the primary goal. When William Bennett 
became Secretary of Education, the technology 
initiative and related emphasis on computer acti- 
vities ended, remaining a low priority throughout 
the 1980s. 

I Educational Television^ 

Commencing with the NDEA educational televi- 
sion program, federal funding was instrumental in 
building the infrastructure and developing pro- 



gramming for educational television; occasional- 
ly some of this funding was spent on training the 
educators to use this technology effectively. 

One of the best-known efforts was the Chil- 
dren's Television Workshop (CTW). Beginning in 
1968, the Workshop received funding through the 
Cooperative Research Act and other OE discre- 
tionary authorities to develop a variety of educa- 
tion programs, "Sesame Street" being the best 
known. As a part of this contract, CTW developed 
curricular materials, teacher guides, and teacher 
workshops to encourage the use of "Sesame 
Street" in the classroom. 

A federal educational television effort with a 
rockier history was the Emergency School Aid 
Act (ESAA) of 1972. This legislation provided 
grants to school districts that were undergoing 
school desegregation. At least 3 percent of the 
funds were reserved by law for grants to public 
and private nonprofit organizations to produce, 
promote, and distribute racially and ethnically in- 
tegrated children's television programming with 
an educational mission. Between 1972 and 1979, 
the former Department of Health, Education, and 
Welfare (HEW) invested nearly $68 million in the 
ESAA -TV effort, which yielded 31 series. A na- 
tional evaluation criticized the program for devot- 
ing little funding or attention to facilitating 
classroom use of the television scries; the study 
recommended better teacher materials and fol- 
lowup.^5 Part of the problem was that OE discour- 
aged the use of ESAA-TV funds for inservicc 
teacher training. 



Andrew Zuckcr. •Compulcrs m Liducalion: National Policy in Ihc USA," European Journal of Education, vol. 17. No. 4. 1982. pp. 
40 1 -403: and Andrew Zuckcr. "Support of Educational Technology by the U.S. Department of Education, 1 97 1 - 1 9H{)," Journal of l-duculional 
Technology Systems, vol. 10. No. 4, 1981-82, p. 309. 

This discussion is based on Cynthia Char and Jan Hawkins, "Charting llie Course: Involving Teachers in the Foniiative Research ;ind 
l>sigi) of llic Voyage of the Minii. ' Mirrors of the Mind: Patterns of Experience in Educational Computing, Roy D. Pea and Karen Sheingold 
(eils.) (Norwood. NJ: Ablex ftiblishing Company, 1986): M. Jay Douds, "The Reshaping of an Innovation: ACSN — The Learning Channel." 
Appalachian Regional Commission, Washington. DC. 1 982: Keith W. Mielke et al., The Federal Rnic in Eunding Children's Television I'ro- 
f-riimmini'. Volume I . Einal Report {li\om\inglon,W: Institute for Communication Research. 1 975 ):Bcmadette Nelson ctal.,A.v.scv.?»i(7i/ ()/■(/!(■ 
ESAA-TV Program: An l:.\uminution of Its Production, l^islribution. and Financing (Cambridge. MA: Aht Associates. 1 980): and Zuckcr. op 
cil., Tootnolc S.^. 

Nelson i-l al.. op. ill., fooinolc 84. p. 7. 
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Yet another relevant program was funded by 
HEW in 1974 through 1976 — a ickcommuni ca- 
tions demonstration using NASA satellites, with 
projects in Appalachia, the Rocky Mountains, and 
Alaska. The Appalachian project made particular- 
ly strong use of this technology for teacher inser- 
vice. Accredited teacher training courses in 
reading and career education were developed by 
the University of Kentucky and transmitted 
throughout the region, with opportunities for live 
discussion. This demonstration grew into an 
educational cable network that continued teacher- 
oriented programming. 

More recently, ED and NSF dollars helped de- 
velop "The Voyage of the Mimi," a science and 
math educational television series for classroom 
and broadcast use that first aired in 1984 and that 
included companion multimedia teacher materi- 
als. Teachers served as consultants and field tes- 
ters in the development of the curriculum and 
helped designers determine what training teachers 
needed to use the series effectively. Distributors 
were required to provide teacher training, which 
was done through school-based workshops and 
sessions at teacher conventions. 

I impact of Past Federal Programs 

An ever-changing roster of programs and variable 
funding levels makes it hard to trace long-term ef- 
fects of prior federal teacher training programs in 
technology. In addition, programs differed so 
much in structure, content, and intensity that there 
are few common bases for generalizations. 

Many programs did not conduct adequate, 
timely, or objective evaluations; often there was 
no funding reserved for this purpose. Few con- 
ducted formal evaluations or control-group stud- 
ies assessing changes in teacher behavior or 
student outcomes. When evaluations were con- 
ducted, they were often little more than surveys of 
participants' reactions to training activities. Fur- 
thermore, there was often no clear consensus 



about which goals and outcomes were most im- 
portant or worthy of assessment. And when evi- 
dence of teacher or student outcomes did appear, it 
was hard to attribute it definitively to a particular 
federal program because of the myriad influences 
that affect teaching and learning. 

The studies that are available look at the entire 
teacher training program and do not single out 
technology-related aspects. Still, their findings 
have implications for the more focused technolo- 
gy training efforts underway today. 

Evidence is available regarding several out- 
comes of federal teacher training programs in a 
wide number of areas: numbers and kinds of par- 
ticipants affected; knowledge and skills acquired 
by teachers; changes in instructional methods and 
teacher effectiveness; effectiveness of teacher- 
leaders in reaching peers; improvements in stu- 
dent learning and attitudes; adoption and impact 
of model programs; and changes in institutional 
behavior, organizational structures, and strategies 
for teacher education. Based on these measures, 
results are mixed.^^ The federal government had a 
clear and positive impact on some of these goals 
and a negligible or uncertain impact on others. 
Moreover, impact and effectiveness varied enor- 
mously from program to program, and from site to 
site. And in some cases, federal programs had un- 
desirable negative side effects. These positive and 
problematic outcomes are summarized in box 6-7. 

LESSONS FROM PAST AND 
PRESENT FEDERAL EFFORTS 

The history of federal programs in support of 
teacher preparation and professional development 
over 40 years holds several lessons that ought to 
be considered in forging future policy. Many dif- 
ferent approaches to improve teacher training 
have already been tried, leaving a record that 
can be plumbed before the same strategy is 
tried again. 



Sec. e.g.. U.S. Cimjiross. (icncral Accountinp OUkc. l'rvcoUe}(c Math ami Sacm c KtltH tttion: Dqxirlmcnl ofEm-rf^y's I'rrcollcftc Pro- 
!;r,im Mutuif;,,! In, l)iili\rl\. HhllS-9-l OIW (Wiisliiliilton. IX": SqilcmlHT 
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BOX 6-7: Summary of Impacts of Federal Teacher Development Programs 



Positive Outcomes of Past Federal Teacher Development Programs 

■ Participation in federal training programs produced substantial improvements in the l<nowledge, atti- 
tudes, behavior, and career advancement of many teachers. 

For example, participants were more likely to experiment with new approaches, use technology more 
appropriately, use a wider variety of teaching techniques, and become more involved in school and 
community educational policy issues.^ 

■ Participants perceived that federal programs had positive effects at the institutional level. 

For example, teacher education institutions added new courses, strengthened collaboration with par- 
ents, students or the community, improved "learning by doing" and by competency-based approaches, 
and improved or extended their student teaching opportunities. Most felt that their graduates were 
better prepared as a result. ^ 

■ At the school district level, federal funding sometimes provided the external stimulus needed to pro- 
mote change. 

For example, training familiarized many teachers with innovative instructional approaches and integra- 
tion of technologies such as audiovisual materials, educational television, and computer technologies. 

■ Common goals reinforced across federal programs had a greater influence on practices. 

For example, attention to science and math education over tour decades and across many federal 
programs infused more disciplirie-specific content into teacher preparation and inservice programs. 
Emphasis on children with special needs heightened attention to instructional issues for these children 
in all teacher preparation and inservice programs. 



' Roy A Edelfell. Ronald G Comm. and Wiliam I. Burke. "The Impact of Federal Funding for Research and Demonstration on 
Teacher Education," Handbook of Research on Teacher Education. W. Robert Houston (ed ) (New York- Macmillan. 1990). pp 
176-177. 

2 Preston M. Royster and Gloria J Chernay. "Teacher Education: The Impact of Federal Funding" (ERIC ED 218218. 1981). pp 
169-1 /7. Another survey of federal impacts conducted in 1988 corroborated some of these findings. Over 70percentof the respon- 
dents believed that federal programs were responsible for many significant new practices in teacher preparation, and a majority felt 
that teacher preparation had become more practical because of federal programs. Edelfelt. Corwin. and Burke, op.cit.. footnote 1 . p 
175 

(continued) 



Why hasn't federal government support re- 
sulted in greater long-term changes in teacher 
preparation and professional development? Sev- 
eral characteristics of federal programs appear to 
hamper effectiveness and mitigate against sus- 
tained change. 

Teacher preparation and professional devel- 
opment have been relatively low federal priori- 
ties to date. The total funding for all programs 
specifically targeting teacher-training pales in 
comparison to such high-priority programs as 
Title i/Chaptcr 1, Pell Grants and other student 



aid, and state grants for children with disabilities. 
The optional nature of many teacher training au- 
thorities has made the past federal attention to 
teacher development issues ring somewhat hol- 
low. 

Federal efforts to influence teacher training 
have been diffuse and uncoordinated. Federal 
policy has been carried out through dozens of dis- 
crete programs. Somewhere in the history can be 
found something for almost every purpose: teach- 
er quantity, teacher quality, subject matter knowl- 
edge, pedagogical knowledge, the best teachers. 
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BOX 6-7 (cont'd.): Summary of Impacts of Federal Teacher Development Programs 



! Problematic Outcomes of Past Federal Teacher Development Programs 

i ■ Most did not seem to yield long-term change. 

\ For example, most projects reverted back to former practices after the grant ended i^scfiool of education 

I programs were particularly resistant to sustained change. Some deans and others at institutions of higher 

j education were unconvinced that programs led to improvements in faculty teaching, better supervision of 

j practicum experiences, and incorporation of research findings into teacher preparation.'' 

I ■ Budget decisions were not always linked to project evaluations. 

j For example, the Department of Energy's Precollege Math and Science Education program did not 

I evaluate half of its most resource-intensive projects, while other evaluations were of poor quality. As a 

j result, many decisions to increase budgets or manage projects were based on inadequate information.^ 

1 ■ Federal programs have not usually reached beyond a small fraction of the total teaching force. 

j For example, most programs have targeted subsets of teachers (e.g., math and science), while in the 

I humanities and other subjects, the impact is much less significant and, in some discipline's, negligible. The 

I inclusion of special needs students into regular classes creates critical demands for training but federal 

I programs are meeting only a portion of the demand for specialists, and meeting very little of the need to train 

j regular classroom teachers to use educational technology effectively with special needs children. 

i ■ Involvement in multiple programs created some undesirable side effects at the local level. 

S For example, programs have expressed concern with complex and bureaucratic regulations, deficient 

i monitoring procedures, a short-term project mentality, hasty procurements, inadequate resources, and 
lack of coordination among federal agencies and programs.^ Problems irose when goals and operational 
requirements of various programs did not mesh well with each other i with the core local educational 

1 program, producing a clash in teaching methods or inhibiting a holistic approach to staffing and instruc- 

' tionai methods.'' 



j ^RoyA Ede'le.t. 'The Impact of Fede'ai FLinriingon TeacherEducalion."£c/uca(/ona/HOf/zons. vol 67. No 1-2. fall-winter 1989. 

I p 49 

! " Edeifeit. Corwn. and Burke, op cit . footnote ) . p 177. 

! ^ U S Congress. General Accounting Office. Precollege Math and Science Education Department ol Energy s Precollege Pro- 

', gran) Managed Ineffectively. HEHS-94-208 (Washington. DC September 1994) 

6 Edeileit. Cor^m. and Burke, op cit . footnote 1 . pp 1 77- 1 78 

' 'Jack.eK.Mibrough and Paul T H,ll. The Aggregate Effecisof Federal Education Programs (Santa Monica. CA TheRandCorpora- 

j t.on, 1981) 

' SOURCE Off ce of Technology AssGSsrnept 1995 



teachers most in need of improvement, preservicc, 
and inservice have all been "priorities." Limited 
funding has been spread across many different 
goals. What has been lacking is a unifying philos- 
ophy or an overall policy strategy. 

Coordination has been a particular problem, 
beginning with the early years when both NSFand 
OE were operating teacher institutes. Attempts to 
bring more coherence have not been very success- 



ful, often because aspects of the legislative proc- 
ess undermined them. 

Federal attention to and support for teacher 
preparation and professional development has 
been sporadic and lacking in continuity. Pro- 
grams have come and gone, waxed and waned, in 
response to the latest perceived crisis or the most 
recent data on teacher supply and demand. Laws 
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have been enacted that have never been funded,^ ' 
funded inadequately, funded late, or funded for 
just a few years. This mentality has hindered 
meaningful and sustained commitment required 
to solve substantial national problems. 

Many programs were "disrupted by fickle 
political forces" before they were able to achieve 
momentum,^^ and others were discontinued for 
political reasons even when they seemed to be 
working. The lack of deep interest in teacher train- 
ing issues in Congress has been reinforced by the 
indifference of the public to teacher needs. Ad- 
ministration support has been variable and often 
weak, and advocacy by those with a direct interest 
has not always been successful.^^ 

Many programs have had goals that were 
too ambitious, in light of their funding levels, 
project periods, or chosen strategies. Filling 
teacher shortages, reforming schools of educa- 
tion, and training regular classroom teachers to 
work with children with disabilities are examples 
of ambitious goals that would seem to necessitate 
sustained federal attention, considerable re- 
sources, and well-designed strategies. Yet these 
factors have seldom been present. The rhetoric ac- 
companying new federal initiatives sometimes 
promised "more than [was] possible within the 
limits of the existing knowledge base, technology, 
and resources. "'-'^ Often programs were expected 
to accomplish too much too quickly, or tried short- 
term solutions to persistent problems.'-^' 



With some exceptions, such as the Teacher 
Corps, federal programs have tended to oper- 
ate at the margins, avoiding the larger state, 
local, and institutional policies and organiza- 
tional issues affecting teacher preparation and 
professional development. The most common 
mode of training has been a short-term institute or 
workshop in the context of a specific project — the 
type of effort that could be easily marginalized by 
the sponsoring institution. Less frequently have 
projects addressed local factors found to be 
associated with sustained changes. The Rand 
Change Agent study noted that two of the most 
important factors influencing longer-term change 
were institutional support from administrators 
and a well-considered local implementation strat- 
egy, yet these factors were lacking in many of the 
programs examined.'^'^ 

Insufficient funding and attention has been 
devoted to evaluation. Most past programs did 
not conduct evaluations needed to determine 
classroom impact or national impact or discern 
which practices were most effective. Some pro- 
grams had no national or formative evaluations, 
and some did not even have descriptive assess- 
ments. When evaluations were conducted, they 
were not always used to improve programs in sub- 
sequent years. 

Many of these problems persist. The quality, 
extent, and timeliness of evaluation practices vary 



Hvcn t(icJ;iy Title V ol the Higher licJiicalion Act authorizes several programs foeiiseil on teacher preparatmii and prdl'cssional cJeselop- 
nient that have never received appropriations. 
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substantially among current science, math, engi- 
neering, and technology education (SMET) pro- 
grams.93 Practices run the gamut: formal 
evaluations, descriptive reviews, case studies, 
self-evaluation questionnaires, or anecdotal re- 
ports. 

A federal interagency review found that of the 
116 federal programs for K-12 science, math, en- 
gineering, and technology, only 30 (or about one 
in four) had been evaluated.^'* "For a majority of 
federal SMET programs, no evaluation informa- 
tion is available at all, or no serious inquiry be- 
yond anecdotal or self-reported data has been 
made."95 The review further found that less than 
one-half of 1 percent of the budgets of the relevant 
programs was spent on evaluation.^^ As a result, 
federal programs often lack a rational basis for 
strategic planning decisions or spending deci- 
sions. 

The impact of "demonstration" programs 
intended to produce effective models that can 
be replicated often has been limited by in- 
adequate funding, variable quality, lack of 
evaluation, or inattention to administrative 
mechanisms to promote wide-scale dissemina- 
tion. Many past and present "demonstration" 
projects have not developed approaches that are 
particularly innovative or exemplary, and many 
do not have very effective dissemination strate- 
gies. A federal interagency committee found that 
in federal SMET programs, less than 1 percent of 
the funding was used for dissemination. "Valuable 
education resources developed with federal fund- 
ing. . .have not been shared effectively," the com- 
mittee concluded, recommending improved 
dissemination and better "marketing" of pro- 



grams to target particular audiences (see box 
6-8).97 

This situation is improving, however. Steps 
have been taken to improve dissemination 
through the Eisenhower National Clearinghouse 
and Regional Consortia, through new multipur- 
pose technical assistance centers authorized by the 
1994 ESEA amendments, through guidelines for 
the Teacher Enhancement program, and through 
several technology-based initiatives. 

There has been little attention to the contin- 
uum and interaction between preparing new 
teachers and enhancing the skills of those al- 
ready on board. Again, based on supply and de- 
mand, federal support has been focused at some 
periods of time on preservice and at others on in- 
service teacher development, usually one at the 
expense of the other. In general, more support and 
attention have been focused on upgrading the 
skills of teachers already in the classroom, rather 
than on developing new teachers through support 
for schools and colleges of education, signaling 
what may be a short-sighted approach to influenc- 
ing teacher quality in American schools. 

KEY ISSUES FOR FUTURE FEDERAL 
POLICIES FOR TECHNOLOGY-RELATED 
TEACHER DEVELOPMENT 

As the executive branch proceeds to implement 
the major educational technology legislation 
passed by the 103d Congress, it is useful to identi- 
fy some issues to be addressed to improve existing 
programs and effectively carry out new ones. Fed- 
eral leaders now have the tools to expand and 
greatly improve technology-related tcacherdevel- 



''^ Federal Coordinating Council for Science, Engineering, and Techntilogy, Committee on Education and Human Resources, The I'alerul 
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BOX 6-8: Factors Associated with Greatest Impact in Prior Federal Teacher Development Programs 



Research on sustained change in federally funded projects found that the projects that produced the 
greatest impact on teacher change tended to share the following administrative features: 

• a sharp focus on an area where strong federal leadership could make a difference, 

• teacher training as their primary purpose, 

■ consistent and adequate funding over several years, 

• clear and realistic program goals, and 

• willingness to change in response to evolving needs and evaluation findings. 

Furthermore, at the project level, the following characteristics seemed to be associated with success 

• well-defined objectives, 

• more intensive training experiences, 

• ownership and commitment among teachers, 

• relevance to teacher needs and everyday concerns, 

■ varied and flexible training format, 

• practical and hands-on training experiences, 

• an emphasis on individual and small group learning, 

■ parity among participating institutions, 

■ active support of administrators, such as deans or principals, 

• regular opportunities for planning during all phases of the project, and 

• concrete staff training throughout the project. 

SOURCES. Dale Mann, "The Politics of Staff Development." paper prepared for ttie Annual Conference of ttie American Educational 
Researcti Association, Wastimgton. DC. Mar 31 . 1975. pp 14-16; Paul Berman and Milbrey W. McLaugU\\n. Federal Programs Sup- 
porting Educational Change The Findings in Review (Santa Momca. CA Ttie Rand Corporation. 1 975). cited in McLaugtilin and Ger- 
man. "Ttie Art of Retooling Educational Staff Development in a Period of Retrenctiment." Rand paper series P-5985. 1 977. pp. 2-3; and 
Donald C Oriicti. "In-Service Education. Fiscal Implications for Policy-Makers." Planning and Changing. \io\. 1 3. No 4. winter 1 982. p 
215 





opment. For example, many critical issues could 
be addressed in the long-range educational 
technology plan being prepared by ED. 

Implications for long-term legislative im- 
provements should also be considered. 

I Setting Priorities 

A critical set of issues revolves around how to give 
more focus to adiffuscd federal role. Since there is 
unlikely to be adequate funding to meet the 
technology-related training needs of all U.S. 
teachers, and since the role of the federal govern- 
ment in support of teacher preparation and 
professional development is a limited one, it 
makes sense to establish some priorities for feder- 
al support. 



An ongoing question is whether federal pro- 
grams should try to serve many teachers and 
district.s, as under the Eisenhower program, or 
to demonstrate national models for teacher 
training that could be picked up by other dis- 
tricts, as in the NSF Teacher Enhancement 
program, or both. Another way to frame the 
choice is whether to support only the best new 
ideas and those schools and districts ready to 
move ahead with them, using them as models for 
others; or to help districts and teachers who have 
the most urgent technology-related training 
needs. Findings from current studies suggest that 
the two types of programs — focused demonstra- 
tion programs and broad service programs — play 
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different and complementary lOles,^^ and that 
there may be a continued need for both. Demon- 
stration programs generate more intensive and in- 
novative strategies and can lead the way for 
comprehensive refonn; but broad service pro- 
grams are necessary to build awareness among 
large numbers of teachers. The 1 994 amendments 
continue both strategies. However, in practical 
terms, it may be difficult to do both. Broad-based 
support may be so expensive that funding is shal- 
low and diffuse, seeding the field so thinly that a 
rich outcome is unlikely. Providing comprehen- 
sive training at a level that could make a signifi- 
cant difference is likely to be beyond the range of 
available funding. For example, a study of the Ei- 
senhower program in 1 99 1 suggests that the sus- 
tained training endorsed in that study would cost 
roughtly $890 a year per participating teacher. Ex- 
tending this model to provide training in educa- 
tional uses of technologies for the entire K-12 
teaching force would be substantial — reaching a 
quarter of all precollege teachers a year with this 
level of training would cost approximately $1 bil- 
lion year.^^ Yet equity concerns may argue against 
focusing efforts on the already well-positioned, 
even if leaders can have a broader impact by shar- 
ing their experiences with others. In making 
recommendations, the federal educational tech- 
nology plan may need to take a clearer stance on 
this issue. 

A related key issue is what kinds of teachers 
should have priority for technology-related 
training. Should resources concentrate on super- 
visors and teacher-leaders, or on those most in 
need of improvement? On math and science teach- 
ers, since technology applications are proceeding 
rapidly in these fields, or on humanities and other 
fields, since they have been somewhat neglected 
to date? On specialists who work with children 
most at-risk, or on "'regular"" teachers who work 
with all children'.' On elementary or secondary 



school teachers? Preservice or inservice teachers? 
Faculty in schools and colleges of education? The 
current federal role tries to cover nearly all of these 
target groups, although some very superficially. 

Also related is the question of which kinds of 
institutions should receive priority for federal 
support — local schools and districts serving 
the inservice needs of teachers already in the 
classroom, or schools and colleges of education 
preparing new teachers to enter tomorrow's 
classrooms. As discussed elsewhere in this re- 
port, many colleges and schools of education are 
behind school districts and individual schools in 
terms of faculty expertise, technological re- 
sources, and understanding of the potential of 
technology for education. Given the expected 
growth in the number of teachers needed in the 
next decade, it may be cost-efficient to support the 
development of technology expertise in teacher 
candidates as they prepare to enter the classroom 
so that less inservice training will be required once 
they are on board. Furthermore, federal support 
encouraging greater connection between colleges 
of education and K-12 schools may result in part- 
nerships benefiting both, as they share their teach- 
ing and technology resources and expertise. 

I Maximizing tlie Impact of 
Reform Efforts 

The history of federal teacher training efforts sug- 
gests that it is very important to address the broad- 
er organizational context in which teachers work. 
This effort begins with the school site as a locus 
for change, but it does not end there. Equally im- 
portant in the U.S. educational system are the state 
and local institutions that have the main responsi- 
bility for teacher policies and that must be relied 
upon to carry out federal priorities from several 
layers removed. 



Kn.ipp iM al , np I II , lodlnolc 14, p. vi. 
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A key issue, then, is liow to use federal lead- 
ersliip to integrate technology into existing na- 
tional, state, and local systemic reform 
efforts — the most obvious being the reforms 
fostered under Goals 2000: Educate America 
Act (Public Law 103-227). If effectively imple- 
mented, this legislation has the potential to bring 
about major interrelated changes in teacher prep- 
aration, certification, and professional develop- 
ment, as well as curriculum and testing. The 
standards that emerge will receive high visibility 
and could set the direction for most education re- 
forms for the rest of the decade and beyond. The 
1994 legislation provides a solid framework for 
coordinating several different efforts around a 
similar set of goals and standards, if the opportu- 
nities are seized. 

A related issue is how to improve coordina- 
tion and interagency strategic planning among 
the various federal agencies involved in profes- 
sional development and technol(^y. Improving 
coordination is one of the new ED leadership re- 
sponsibilities under Title III of the ESEA. 

I Focusing on Necessary Services, 
Activities, and Support 

What are the most effective kinds of federal sup- 
port to help teachers learn about and apply 
technology? Should funding allow purchase of 
hardware and software for teacher use, at home or 
at school, in order to assure access and use of 
technology? What are the costs of linking up to or 
using telecommunications networks for continu- 
ing support? Typically, these costs have not been 
covered in training programs but may be essential 
components for success. 

How could access to telecommunications net- 
works change the nature of programs and services 
available for training teachers? Although most 
schools today do not have this access, opportuni- 
ties to connect and use networks are growing. If 
current trends continue, one of the most signifi- 
cant uses of telecommunications resources will be 
teacher's professional use — connecting with oth- 
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er teachers, seeking and sharing information, 
learning and keeping abreast of changes and 
developments in their fields. If these networks 
become used more generally, they could signifi- 
cantly change the nature and form of teacher train- 
ing and professional development in the future. 

I Leveraging Resources for 
Improving and Expanding Training 
Tlirougli Teclinology 

Technology itself can play a critical role in le- 
veraging federal resources. Government net- 
works, resource centers, satellite conferences, and 
video libraries can extend the sweep of ideas, 
models, materials, and curricula. If the federal 
government or other entities choose to emphasize 
the development of national models, this type of 
dissemination becomes extremely important. 

New funding sources (e.g. the Department of 
Commerce) and collaborative partnerships 
with other public sector agencies and with 
businesses in support of shared use networks 
can leverage scarce federal dollars in areas 
benefiting education and the broader commu- 
nity. This is one of the important lessons learned 
from the Star Schools experience. 

Telecommunications and networking tech- 
nologies can extend the duration of training 
and provide almost continuous followup and 
support Options for building these capacities 
into all federal training programs need to be ex- 
plored, along with evaluations of the effectiveness 
of these telecommunications training and support 
models. 

Aggressive research and development is need- 
ed to determine which types of education technol- 
ogies work best in which settings and for which 
teachers. Another area for research is whether 
technology-related training is more effective 
when delivered in the context of a specific subject 
area or as a general pedagogical technique, or in 
some combination. However, because the tech- 
nologies arc changing so rapidly, funders should 
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not require that grantees be locked into any one 
model. 

CONCLUSION 

Recent authorizing legislation and federal leader- 
C.ip have set the stage for greater emphasis on 
technology-related teacher preparation and pro- 
fessional development than ever before. Congres- 
sional budget concerns and proposed executive 
branch funding limits, however, could limit the 
potential of these initiatives. Nevertheless, the 



problems associated with overlap, lack of in- 
formation, and erratic and changeable support 
across a range of programs could be ameliorated 
by the technologies themselves, which could offer 
robust and flexible resources for coordinating in- 
formation and streamlining the delivery and con- 
tinuing support for teacher preparation and 
continuing growth. Whether the promise of these 
new opportunities is realized will depend on fed- 
eral, state, and private commitment and effective 
implementation of new proposals. 
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Appendix B: 
Sources of 
Survey Data 
B for This Report 



During the course of this report, OTA hired three contractors to collect and analyze survey data. This 
appendix describes the methodology of each contractor report. 



Analysis and Trends of School Use of 
New Information Technologies 

Henry J. Becker— March 1994 

No original data were collected for this con- 
tractor report. Instead, the results of a 
number of major national surveys of edu- 
cational technology conducted between 1989 and 
1993 were re-analyzed and synthesized. The ma- 
jority of the analysis comes from three surveys: 1 ) 
the United States portion of the 1992 Computers 
in Education Study of the International Associa- 
tion for the Evaluation of Educational Attainment 
(lEA), 2) the 1991 National Study of School Uses 
of Television and Video conducted by the Corpo- 
ration for Public Broadcasting (CPB), and 3) the 
1993 Survey of Member Teachers of the National 
Education Association (NEA) conducted for the 
NEA by Princeton Survey Research Associates. 
For all three studies, this contractor report also 



profited from reports in progress or technical doc- 
uments related to these studies. The major features 
of these three studies and the other four studies 
used in the analysis are described below. Addi- 
tional features are shown in table B-1. 

The 1992 International Association for the 
Evaluation of Educational Achievement 
Computers in Education Study^ 

The lEA survey is the only recent national survey 
to provide detailed data about computer use in 
schools, primarily from school-level staff (princi- 
pals and scliool computer coordinators) and stu- 
dent respondents, but also with data collected 
from teachers. The sample of schools, although 
rather small (571 schools with responses from 
computer coordinators), was a carefully drawn na- 
tional probability sample including public, paro- 
chial, and private schools stratified by school size, 
reported student-computer ratio in 1988. size of 



' Ronald I'. Anderson ct .il., C'om/w/cr.v in Amcrkun Schools. IW2: An 0\ ( r\ u n: Inlenialional Association lor the Ivvaluation ot Ivduca- 
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TABLE B-1 : Sources of Data for "Analysis and Trends'of Scliool Use of New Information Technologies" 



study 



Data about 



Nature 
of data 



Date of study 



Naturo of sample 



Response rate 



Number of 
cases 
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below grade 4) Sampled elementary teach- 
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ers Includes public and nonpublic schools 
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dinator): 94% including partial 
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cluding telephone interviews 
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National probability sample, excluded schools 
v/ith no computers at all. special education 
scliools and primary schools (serving only 
below grade 4) Sampled elementary teach- 
ers, grade 5. and secondary English teachers 
(grades 8 and 11) Includes public and non- 
public schools 

National probability sample of public schools 
(excluding special, vocational, and alternative 
education) in di<;tricts with more than 300 stu- 
dents: teachers o'. aM suuiects and grade 
levels 

National sample (simple random sample) of 
NEA members 



Universe of public school districts Information 
gathered at district level except followup mail- 
ings sent to schools m laigest districts 

National probability sample of 8th graders, 
two years lalot (nondropouts) sample of two 
of four niaior subiect teachers 
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coordinators. 72% ol teachers, 
and 74% of students (About 
15% of coordinator sample were 
partial phone interviews ) 



90% ol schools (principal). 75'?' 
ol teachers 



33% (reported by NEA as 78% 
when excluding those not 
reached by telephone) 

About 39% ol public schoo's in- 
cluding 68% ol schools in the 
nation s 893 largest districts 

94% ol students attempted in 
1990 followup Unknown bias 
from low base year (1988) 
school response rate (61%) 
89% ol teachers sampled m 
1990 

Near 100% but not unilornily 
collected on each variable 



571 computer coor- 
dinators. 500 teach- 
ers, and 11.150 
students. 



1 .829 schools: 3.072 
teachers. 2.920 with 
both questionnaires 



1 .206 teachers 



3.927 districts repre- 
senting 31.172 
schools 

20.706 students. 
15 908 teachers di- 
vided among A 
sub|2Cts 



104.000 sctiODia 
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the metropolitan area community, and district 
poverty level. Disproportionate sampling was 
employed to overrepresent schools with larger 
student bodies and more computers. (Data analy- 
sis was performed using case weights to recreate 
the equal probability sample needed for valid de- 
scriptive statistics.) Response rates for different 
categories of respondents varied from 72 to 82 
percent, including some partial telephone inter- 
views. Extensive questions were included about 
computer-related hardware and software, utiliza- 
tion, processes of decisionmaking, and attitudes. 
Students reported their own computer experiences 
and were given a test of computer literacy which 
was, however, not used in this analysis. The 1992 
lEA sur\ <"v was a second stage of a longitudinal 
study thai began with a similar study (minus the 
student data) in 1989. 

Corporation for Public Broadcasting's 1991 
National Study of School Uses of Television 
and Video^ 

The CPB survey is the only major recent national 
survey of instructional television and video pres- 
ence and use in schools. It also is part of a series — 
in this case, the third conducted by CPB over a 
15-year period. At the school level, the CPB sur- 
vey was several times as large as the lEA comput- 
er survey (1,829 schools; 3.072 teachers), but it 
did not include student-level data. The sample de- 
sign involved a multistage probability sample of 
public school districts, schools, and teachers, ex- 
plicitly stratified by district size and urbanicity. 
and implicitly stratified by region and district 
wealth. Districts enrolling fewer than 300 stu- 
dents were excluded from the population sam- 
pled. Ninety percent of principals and 75 percent 
of teachers responded. Superintendents also com- 



pleted a survey form, but this was not used in this 
analysis. Principals responded to questions about 
their school's experience using a variety of broad- 
cast and stored video media and about school- 
level support for instructional media. Teachers 
reported about their use of TV and video in class- 
room instruction and their own personal expe- 
rience and access to equipment like VCRs and 
camcorders. 

The 1993 Communications Survey of National 
Education Association Teacher-Members^ 

The NEA survey was of a sample of current teach- 
ers from the NEA's national membership roster, 
and thus excludes teachers from most large city 
districts and others that do not have NEA as their 
employee bargaining agent. A total of 1,206 
teachers participated in telephone interviews for 
this study. Excluded from the sample were special 
education teachers, resource teachers, and those 
who did not currently teach in grades K-12. The 
cooperation rate for this survey (i.e., the percent- 
age of eligible sample members reached who 
agreed to be interviewed) was 79 percent. How- 
ever, field work was terminated before the major- 
ity of initially sampled individuals could be 
reached. So from a formal standpoint, the re- 
sponse rate for this survey (interviews divided by 
estimated number of eligible members originally 
sampled and called) was only about 33 percent. 
However, the vast majority of the remaining 67 
percent were not "refusals," but simply those who 
were not reached by telephone. In addition, the 
NEA survey was of limited use because it was not 
principally about teachers' technology use but 
rather about their perceptions of access to technol- 
ogies. However, it was valuable in that it included 



' Andrew L. Ru'.^i:\\m\dT\\mvisKXun\n.Sm(lyi>l'SihnonisesofTcU'\i\i<m(UulVitle<>: IWO-VI .SV/i(«'/ V<«r( Arlington, VA: Corporation 
Ibr Public Broadcasting, I-cbniary 1 yy3). Also sec Research Triangle Institute, Study of the School lists i>f Television anil Video: Methndolofty 
«(/i(.r/ (Research Triangle Park. NC: Research Triangle Institute, Mar. .'.(). 1W2). 

' Princeton Survey Research, Niitioiuil Edueiition A\s<icHition Ciwvnuimiitioiw Survey: Report of the l-indinf;s (Princeton. NJ: June 2. 
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information about both computer and video tech- 
nologies in the same survey and contained in- 
formation not otherwise available about access to 
other technologies such as telephones and photo- 
copying. 

Other Survey Sources 

In addition to the lEA, CPB. and NEA surveys, 
substantial information about the presence of 
technologies in schools was provided by an Au- 
gust 1 993 report on the K- 1 2 public school market 
for educational technology by Market Data Re- 
trieval (MDR), Inc.,'* and from the master build- 
ing-level and district-level datasets and related 
reports from Quality Education Data (QED).^ 
Both of these market research surveys supplied 
data on technology presence (although nothing on 
utilization), but each had disadvantages that pre- 
vented further use. Both market surveys reported 
data about individual schools but collected these 
data primarily at the district level, making detailed 
data less reliable, with impairment most likely in 
medium-sized and larger districts. It has been ac- 
cepted for some time, for example, that QED's 
census of the number of school computers is 
roughly 25 percent under the estimates obtained 
using national probability surveys such as those of 
the lEA Computers-in-Education studies.^ 

Access to the MDR data was limited to pub- 
lished tabulations. Moreover, the MDR survey re- 
sponse rate was very low (roughly 25 oercent) 
except for the largest 7 percent of all districts. 
Overall, only 39 percent of public schools (no pri- 
vate or parochial schools) were included in the 
tabulations in the MDR report. The QED dataset, 



while encompassing more than 100,000 public. 
Catholic and other private schools nationwide, 
produced estimates that were at significant vari- 
ance with similar data obtained from the CPB and 
lEA surveys — almost always reporting fewer 
schools having a given type of technology (e.g., 
videodisc players, modems, integrated learning 
systems) — even when one attempted to correct 
MDR results for their disproportionate number of 
schools from large districts. This almost certainly 
derives from the QED dataset being composed of 
accumulated reports over several years and there- 
by not only undercounting recent acquisitions but 
providing only partial data about types of technol- 
ogies more recently added to its database (e.g., 
presence of CD-ROM). Nevertheless, both QED 
and MDR tabulations were useful at various 
stages in the analysis. 

Finally, other statistics produced for this con- 
tractor report came from both original analysis 
and published tabulations of teacher and student 
data from the 1990 "first followup" of the Nation- 
al Educational Longitudinal Survey (NELS88),^ 
and from original analysis and tabulations from 
the 1989 lEA Computers in Education Survey. 
Use of the NELS88 survey was minimal because 
only a few questions dealt with technology, and 
use of the 1989 lEA survey was primarily for pro- 
viding baseline data for measures of change. The 
1989 lEA survey did contain much more detailed 
data on computer use at the teacher level than any 
other more recent survey available for this analy- 
sis, but because of its age (4'/2 years as of this writ- 
ing), its descriptive statistics on computer use 



* Market Data Retrieval. Etlucutkm ami Tcchnulnxw l^').^: A Survey ol ihc K-12 Murkcl (Shellcin. (T: August 

5 Quality Education Data. Teclmohay in ihc Huhln- Sc/ioo/.s ■ IW2-9.i (IX'nver. CO: January I'W?). iUhu ulitmul U t hnolni^x Tn mh. Fiihlu 
Schooh: /W2-y.< (Denver. CO: August 1W2). 

f' Ibid.. Technology in the Public Schools: IW2-'li. p. 4. 

' Steven J. Ingels ct al.. Nulionul Hduvulion l.tmiiiludirml Study of IVKS: l 'ir\l I'ollon -l '/> Tiik ht r Comi'om nl Palo I'dc I jrr's Manual 
(Washington, DC: National Center for I-ducalion Statistics. November 1 9')2 ). Nalumat liducalion Longiludinal Study oflWN: I'irst I olUw- 1 p 
Student Componcm Data I'ile Vser's Manual, vols. I and 2 (Washington. IX": National Center Ibr Wiiciitum Statistics. Apiil \W2). 
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were felt to be generally too outdated to be 
useful.^ 

Those seven surveys— the 19'J2 and 1989 lEA 
Computer surveys, the CPB video survey, the 
NEA member survey, the two market surveys 
(MDR and QED), and the 1990 NELS first fol- 
lowup survey — constitute the database for the 
Becker contractor report. Other sources of survey 
data were considered but excluded on grounds of 
insufficient national representativeness, unsatis- 
factory response rate, or lack of timeliness.^ 

State Technology Activities 
Related to Teachers 

Ronald E. Anderson— Nov. 15,1994 

During the summer of 1993, telephone calls 
were placed to an educational technology 
coordinator or specialist in all states and the 
District of Columbia. After repeated calls, re- 
sponses to a telephone interview were obtained 
from over 85 percent of the states. In addition, re- 
ports of various types related to educational 
technology were obtained from a majority of the 
states. A year later, in June 1994, a survey form 
was mailed to all state educational technology 
coordinators asking them to update and clarify 
several technology policy items. During the sum- 
mer repeated calls, faxes, and mailings were used 



to obtain responses from all the states as to the ac- 
curacy of the information collected. 

Information Technology in Teacher 
Education: Surveys of the Current Status 

Jerry Willis, Linda Austin, and 
Dee Anna Willis— March 1994 

A comprehensive survey focusing on the use 
of information technology — "The USA 
Faculty Survey" — was mailed to a random 
sample of teacher educators in the United States. 
A second survey, reworded for recent graduates of 
teacher education programs, was sent to a random 
sample of public and private schools across the 
United States. This survey— called "The USA Re- 
cent Graduate Survey" — was addressed to princi- 
pals who were asked to forward it to the most 
recently hired teacher. The only additional re- 
quirement was that the teacher who completed the 
survey must have graduated within the last two 
years. 

Although the survey data presented in this con- 
tractor report represents one of the only efforts to 
date to gather information on technology in teach- 
er education, a number of limitations should be 
kept in mind. A major limitation is the low rate of 
return for all of the surveys. The surveys sent to 
teacher education faculty and recent graduates 



" Hcnr\- Jay Becker. "United Stales Participation in the I.E.A. Coniputers in-F-ducation Study," final report to the National Science Founda- 
tion. Grant #SPA-88.S0.S64. Center for Social Organization of Schools. Johns Hopkins University. September 1992. 

The 1992 survey by Bank Street College. "Telecomrmmications and K-12 Educators." directed by Margaret Honey (M. Honey and A. 
Henriquez. "Telecommunications and K- 1 2 Educators: Findings from a National Surr ey." Center for Technology in Education. Bank Street 
College of Education. 1 99.'') provides useful infomiation about the most active telecommunications-using teachers, but Is based on a purposive 
snowball sample of high-end users rather than a representative sample of teachers. 

Market surveys published in 1991 by LINK Resources Corporation ("K-12 Market for Technolog> and Electronic Media: Ninth Annual 
Survey") and in 1992 by the Software Publishers Association (" 1991-92 SPA K- 1 2 Market Study Report") botli obtained roughly 20 percent 
response rates from school principals or other school or district officials, deemed insufficient to provide valid enough infomiation about the full 
population of U.S. schools. 

Several statewide surv eys have been conducted during the past several years — for example, "Technology In the California Classroom: The 
Teacher's Perspective 1991, "conducted by obcrtG. Main for the Calif'omiaTechnology Project— but it wasdecided that state-level statistical 
information would not be infoniiative for considering national patterns and trends. 

Finally, several once-lnforinative national studies are now dated by the rapid rate of change in technology availability and use -among 
them the 19X9 U.S. Cen.sus Bureau's supplementary questions on computer use in tlic October 1 9X9 Current Population Sufvey, as reported m 
tlieir publication, "Computer Use in the United States: 19X9." Current Population Reports. Series l'-23. No. 171, 1991 . 
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were quite lengthy and the time required to com- 
plete the survey may have been one factor in the 
relatively low return rates. Another factor possi- 
bly contributing to a low rate of return was that the 
distribution method involved sending surveys to 
administrators who were then asked to distribute 
them to the appropriate instructors. For example, 
from the 1 ,223 faculty surveys mailed to teacher 
education institutions, a total of 250 were usable, 
which is 20 percent of the surveys mailed. As the 
percentage of usable surveys was relatively low, 
readers should be cautioned about over-interpret- 
ing the survey data. 

The USA Faculty Survey 

The faculty survey included questions about the 
institution and teacher education program, the fac- 
ulty member's history of general and instructional 
use of information technology, attitudes toward 
technology, and ratings of barriers to wider use of 
information technology. The survey was devel- 
oped after a thorough review of existing surveys 
on both K-12 use of technology and technology 
use in teacher education. Many of the items in the 
survey used here were based on items in previous- 
ly published surveys. Once a draft survey was de- 
veloped, it was evaluated by an advisory group of 
experts and by OTA staff. The feedback was used 
to revise the instrument, and experts were again 
asked to review it. For example, the original 
instrument was much longer than the final ver- 
sion. It contained items on how faculty used 
technology rather than simply whether they used 



it or not. Most of the reviewers felt the original 
survey was far too long and recommended it be 
shortened. Many items were removed. 

A random sample of 65 teacher education pro- 
grams was selected from Peterson's Guide to Col- 
leges and Universities}^ The only restriction on 
randomness was the requirement that all 15 of the 
largest teacher education programs in the United 
States be included in the sample. At least one sur- 
vey was returned from 66 percent of the institu- 
tions sampled. A total of 250 usable surveys were 
returned. 

The USA Recent Graduate Survey 

The survey sent to recent graduates was a modi- 
fied form or the faculty survey. The questions 
were rephrased to indicate the respondents were 
students in teacher education programs rather than 
faculty. 

A random sample of 500 elementary and sec- 
ondary schools in the United States was selected 
by a mailing list organization and supplied to the 
researchers on mailing labels. Both public and pri- 
vate institutions were included. A total of 100 sur- 
veys were returned, a retum rate of 20 percent. 
However, a total of 70 surveys were usable and all 
the data in this section is based on the analysis of 
70 surveys. The 30 unusable surveys were re- 
turned because the school had closed or no teacher 
met the criteria of having competed a teacher 
education program within the last two years. With 
only 70 usable surveys, the results should be con- 
sidered tentative. 
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Analog communication 

A communication fomnat in wliich information is 
transmitted by modulating a continuous signal, 
such as a radio wave. Voice and video messages 
originate in analog form since sound and light are 
wavelike functions; thus, they must be converted 
into digital messages in order to communicate 
along digital communications formats or media. 

Anonymous FTP site 

A server that allows the public to log on and 
download files without having an account or a 
user ID on that server. 

Application tools 

Computer software that enables the user to manip- 
ulate information to create documents or reports. 

Archie 

A database listing programs and data files avail- 
able at anonymous FTP sites or Telnet sites on the 
Internet. See Veronica. 

ARPAnet 

The original experimental U.S. government net- 
work that started the Internet. ARPAnet was 
started in the mid-1960s to connect researchers, 
and is no longer in existence. ARPA is the Ad- 
vanced Research Projects Agency, under the 
Department of Defense, previously named 

264! 



DARPA (Defense Advanced Research Projects 
Agency). 

Artificial intelligence 

The use of computer processing to simulate intel- 
ligent behavior. Current research includes natural 
language recognition and use, problem solving, 
selection from alternatives, pattern recognition, 
generalization based on experience, and analysis 
of novel situations. 

ASCII (American Standard Code tor 
Information Interchange) 

Pronounced "as-key," a set of computer characters 
devised to achieve some measure of compatibility 
among various computers. Putting a text file in 
ASCII format reduces it to essential elements — 
upper- and lower-case letters, numbers, punctua- 
tion, and some control characters but no graphics 
characters or printer codes — and eases the process 
of sharing it with other computers. 

Asynchronous communication 

Two-way communication in which there is a time 
delay between when a message is sent and when it 
is received. Examples include electronic-mail and 
voice-mail systems. In contrast, synchronous 
communication is simultaneous two-way ex- 
change of information — for example, a telephone 
conversation. 
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Audiographic conference 

A conferencing system that can transmit audio 
and still-video signals, computer graphics, and 
text on the same telephone cable or other narrow- 
band communications channel. Equipment gener- 
ally includes computers, graphics cables, and 
speaker phones at both the receiving and deliver- 
ing ends. 

Authoring 

The process of building or modifying computer 
software using a computer program designed for 
that purpose. Generally, authoring software 
applications require less technical expertise 
compared with programming languages. 

Backbone 

The main communication channel in a network 
wiring scheme, so called because other commu- 
nications lines connect to it like ribs connect to the 
human body's backbone. 

Bandwidth 

A measure of information-carrying capability. 
The difference between the lowest and highest 
signal frequency is expressed in hertz (cycles per 
second). Wider bandwidths can carry more in- 
formation. 

BITNET (Because It's Time Network) 

An international computer network created to 
connect research institutions and higher educa- 
tion. 

Broadband 

A flexible, all-purpose, two-way medium that 
provides the wide bandwidth necessary for both 
conventional video and high-definition televi- 
sion, and for still-frame displays for information 
retrieval, catalog shopping, and so on. 

Bulletin board service (BBS) 

A computer service that is modeled after a com- 
munity bulletin board. Using a computer, modem, 
and phone line, individuals connect to a central 
"host" computer to post or read messages or to 
upload and download software. Communication 
is usually asynchronous. 



Cable television system (CATV) 

A broadband communications system capable of 
delivering multiple channels of programming 
from a set of centralized satellite and off-air anten- 
nae, usually by coaxial cable, to a community. 
Many cable television systems combine micro- 
wave and fiberoptic technologies. 

CAI (Computer-aided instruction) 

Instruction that is carried out or supported by 
computer technology. 

CD-ROM (Compact disc-read only memory) 

An optical storage system for computers that per- 
mits data to be randomly accessed from a disc. 
With read-only discs, new data cannot be stored 
nor can the disc be erased for reuse. Other optical 
storage systems allow users to record or write and 
rewrite information. 

Chat room 

An area on a computer network where members 
"gather" to type in messages in real time. They can 
receive immediate responses. There are two types 
of chat rooms — public and private. 

Client 

A computer workstation that can request and re- 
ceive services, information, and applications — 
such as file transfer to other computers, access to a 
printer, or access to another computer network — 
from a server on the same computer network. 

Coaxial cable 

Shielded wire cable that connects communica- 
tions components. Coaxial cable is commonly 
used in cable television systems because of its 
ability to carry multiple video (or other broad- 
band) signals. 

Codec 

An electronic device that converts analog video 
signals into a digital format for transmission, and 
vice versa. The name is an abbreviation for 
"coder-decoder." or "compressor-decompressor" 
when compression is also involved. 
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Compression 

Compressing information so that it requires less 
space to store or transmit. When speech is com- 
pressed, for example, pauses are eliminated. 
Compression is generally expressed as a ratio. For 
example, an 8-to- 1 ratio means that the informa- 
tion requires one-eighth of its original space. The 
greater the compression ratio, the higher the 
chance for loss of quality in image, sound, or mo- 
tion. In compressed video, digital technology is 
used to encode and compress the signal. Picture 
quality is generally not as good as full motion; 
quick movements often appear blurred. 

Computer graphics 

Representations of information in formats other 
than text on a computer. Application tools allow 
users to draw or "paint" original images with a 
mouse or a graphics tablet. 

Conference 

In computer networking, refers to an online dis- 
cussion group focused on a topic. 

Connectivity 

The degree or level to which one computer can 
connect to an online service. For example, a low- 
er-level of connectivity to the Internet may sup- 
port only the exchange of e-mail, while a more 
advanced level of connectivity may support FTP 
and Telnet services. 

Courseware 

A package used for teaching and learning that in- 
cludes computer or video software and related 
print materials such as a teacher's guide and stu- 
dent activity books. 

Curriculum (p/. curricula) 

1 he courses offered by an educational institution. 
Most schools have a prescribed curriculum teach- 
ers must follow throughout the school year and on 
which students are tested as the basis for passing a 
course or getting credit for it. 

Cyberspace 

Worldwide pool of information stored and trans- 
mitted by intemctworkcd computers. William 
Gibson created the term in his novel Neuromanc- 



er, where he used it to refer to computers and the 
society that focuses on them. 

Database 

A collection of related information, computer da- 
tabases can include text files, programs, and 
graphics, that can be searched by key words or 
other means, and reviewed or downloaded onto 
another computer. 

Digital communications 

A communications format used with both elec- 
tronic and light-based systems that transmits au- 
dio, video, and data as bits of information. 

Digital video 

A format used to store, manipulate, and transmit 
moving images of bits of information. Codecs are 
used to convert traditional analog signals into a 
digital format and back again. Digital video can be 
compressed for more efficient storage and trans- 
mission. 

Digitize 

To change analog information to a digital format. 
Once information has been converted to this form, 
it can be conveniently stored, manipulated, and 
compressed. It can also be transmitted over a dis- 
tance with little or no loss in quality. Sound (such 
as speech or music), still images (such as transpar- 
encies), and motion video are commonly con- 
verted into digitized form. 

Distance learning 

Instruction delivered from a distant site, possibly 
including data, voice, and video transmissions for 
interactivity. 

Distributed network 

Network that relies on multiple computers to pro- 
vide various resources to other computers in the 
network, rather than making all resources avail- 
able from a single server. The Internet depends on 
distributed networking. 

Domain 

A set of nodes on the Internet whose names share 
the same last two or three parts. For example, 
"msu.edu" is the domain name for the network of 
Michigan State University. Dom.ain names that 
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end with "edu" are for education organizations; 
"com" for commercial entities; "net" for net- 
works; and "gov" for governments. 

Download 

To copy a file, e-mail, or other information from a 
central computer to a personal computer. See 
upload. 

Downlink 

An antenna shaped like a dish that receives signals 
from a satellite. See uplink. Often referred to as a 
satellite dish, terminal. Earth station, or TVRO 
(television receive-only). 

Electronic mail (e-mail) 

A computer application for exchanging informa- 
tion over a distance using a modem and a comput- 
er. Communication is asynchronous. E-mail 
typically consists of text and/or graphics; ad- 
vanced multimedia formats are under develop- 
ment. It can be addressed to an individual, as well 
as to groups of people. 

E-mail address 

A specific, beatable, electronic address that des- 
ignates a person or service at a specific network 
site. Electronic mail addresses include a user 
name (which can be a title or function, such as 
"info"), the symbol "@," and a domain name 
(e.g., teacher@school.edu). 

Ethernet 

A type of local area network of up to 1 ,024 nodes 
(i.e., computers in a network), originated by Xe- 
rox Corporation. It specifies the types of wires 
connecting the network and the format in which 
information is packaged to travel over those wires. 
There are three types of Ethernet connections; dif- 
ferent Ethernet systems use different software 
protocol, such as TCP/IP. 

Facsimile machine (fax) 

A device that converts hard-copy images and text 
into an electronic form for transmission over tele- 
phone lines to a similar device at another location, 
which then reconverts it back to text and images. 

Fiberoptic cable 

Hair-thin, flexible glass rods that use light signals 
to transmit information in cither analog or digital 



formats. Fiberoptic cable has much higher capac- 
ity than copper or coaxial cable, and is not as sub- 
ject to interference or noise. Fit>eroptic cable has 
the bandwidth to accommodate high-speed, mul- 
timedia networking. 

File 

A file is a body of information (text, graphics, or a 
program) that can be passed from one computer to 
another. 

File server 

The personal computer that provides access to 
files for all workstations in a local area network. 

Flame 

To send over a computer network, as through 
e-mail, a message displaying a derogatory, ob- 
scene, or inflammatory attitude. 

Flat-panel display 

A video or computer screen that is relatively thin, 
lightweight, and typically used in portable com- 
puters. 

FreeNet 

One of a group of freely accessible servers offer- 
ing information, e-mail, and access to the Internet 
over telephone lines. 

FTP (File Transfer Protocol) 

A standard technique for transferring files among 
dissimilar computer systems on a network. 
A program that transfers files using file transfer 
protocol. It supports file exchange over the Inter- 
net. 

Gateway 

A dedicated computer that provides a link be- 
tween dissimilar networks, allowing information 
to cross between the two. 

Gopher 

Software that presents in menu form information 
found all over the Internet. Gopher programs also 
allow searches on the Internet for hosts, directo- 
ries, or files based on keywords supplied by the 
user. 

Groupware 

A software program that allows the same informa- 
tion to be shared among several computers simul- 
taneously. With some applications, users can see 
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each other and, from their own computers, add to 
or edit text and graphics in a single document. 

Hardware 

The electrical and mechanical equipment used in 
conjunction with software (programs and files) 
for computer and telecommunications systems. 

Host 

The main computer system to which computer us- 
ers are connected. 

Hub 

A point of connection to the Internet for users in a 
particular region. 

HyperCard 

A software program designed to create multiple 
pathways for moving through a body of related 
material, allowing the user to link documents and 
parts of documents in a nonlinear fashion from a 
single computer. Words in the displayed docu- 
ment may be linked to other documents or other 
text in the same document, usually by icons within 
the document, sometimes called buttons. Through 
HyperCard applications, the user can quickly ac- 
cess linked materials from a variety of media, such 
as still-motion video from a videodisc linked to a 
paragraph from a word processor (this type of Hy- 
perCard use is often called hypermedia). 

Icon 

A symbol displayed on the computer screen that 
represents a command or program (e.g., a trash 
can symbolize the command to delete a document 
or file). 

Information highway/information superhighway 

The vast network of interconnected telecommu- 
nications systems worldwide. 

interface 

A general term used to designate the hardware and 
associated software needed to enable one device 
to communicate with another or to enable a person 
to communicate with computers and related de- 
vices. A user interface can t)e a keyboard, a mouse, 
commands, icons, or menus that facilitate com- 
munication between the user and computer. 



Internet 

International collection of interconnected elec- 
tronic networks that support a common set of data 
communication protocols — Transmission Con- 
trol Protocol (TCP) and Internet Protocol (IP). In- 
ternet evolved from ARPAnet. The National 
Science Foundation supported wider use of the 
network through development of NSFnet, ex- 
panding and replacing ARPAnet, and through 
funding for development of regional distribution 
networks. Many networks in the United States and 
worldwide are now part of the Internet. 

ISDN (Integrated Service Digital Network) 

Network that accommodates digital transmission 
of voice, data, and video over, standard copper 
telephone lines. 

Keyword 

A word that leads the user to go directly to a spe- 
cific area. For example, entering the keyword 
"LABNET" takes you to the LabNetwork; 
"NGS," to the National Geographic Society; 
"Time," to Time magazine. 

Knowbots 

Software programs that act as "knowledge robots" 
to carry out functions such as searches for desired 
information, on electronic networks. 

"Last mile" 

Popular term for the last segment of the connec- 
tion between a communication provider (e.g., 
telephone company central office) and the cus- 
tomer (usually residential, but sometimes com- 
mercial). 

LATA (local access and transport area) 

A geographic region ranging from a metropolitan 
area to a state, created with divestiture of AT&T 
and used to define service areas for regulated ver- 
sus unregulated services (e.g., intra-LATA local 
service versus inter-LATA long-haul services). 

Library 

The term library, when used with computers, 
refers to a collection of computer files. A library 
contains files that can be text, graphics, or 
programs. 
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Listserv 

A program (text and graphics) that distributes 
e-mail to users on a computer network who share a 
common interest and whose ID's are stored to- 
gether. Any mail sent to a list on the listserv is au- 
tomatically distributed to everyone on that list. 

Local area network (LAN) 

A network connecting computers in close proxim- 
ity, LANs facilitate communication and sharing of 
information and computer resources (such as 
printers or storage by the members of a group). 

Login/Logon/Logoff 

The process of entering and leaving an electronic 
communications system; access generally re- 
quires a user identification code or password 
(often the user's name). 

Mailbox 

A file or directory on the end user's host computer 
that holds the user's e-mail. 

Mailing list 

A topic-specific alias with multiple mail destina- 
tions. 

Message board 

Message boards (or boards) are where members 
post messages, reply to messages, and so forth. 
Boards are organized using folders, which contain 
messages on a specific theme. 

Microwave 

High-frequency radio waves used for point-to- 
point and omnidirectional communication of 
data, video, and voice. 

Modem 

A device that allows two computers to communi- 
cate over telephone lines. It converts digital com- 
puter signals into analog format for transmission. 
A similar device at the other end converts the ana- 
log signal back into a digital format that the com- 
puter can understand. Abbreviated form of 
"modulator-demodulator." 

Mosaic 

A popular interface that eases navigation of the 
Internet. 



Mouse 

A pointing device that connects to a computer. 
With a mouse, users can control pointer move- 
ments on a computer screen by rolling the mouse 
over a flat surface and clicking a button on the de- 
vice. The mouse is also commonly used to define 
and move blocks of text; open or close windows, 
documents or applications; and draw or paint 
graphics. 

Multimedia 

Any combination of video, sound, text, anima- 
tion, and graphic images in a computer-based en- 
vironment. Often includes technology such as 
CD-ROM, videodiscs, videocassette recorders, 
television, video cameras, and software. 

National Research and Education Network (N REN) 

Electronic network that eventually will succeed 
the noncommercial aspects of the Internet in the 
United States. 

Network 

A shared communications system that supports 
digital communication among connected com- 
puters. 

Newsgroup 

A topical discussion group on a network. Individ- 
uals submit messages to a newsgroup and read 
messages that are posted there. 

Nil (National Information Infrastructure) 

The overall electronic information system in de- 
velopment in the United States. 

NSFnet 

The National Science Foundation Network, a 
high-speed network of networks linking comput- 
ers at educational and research institutions. It is 
made up of several regional networks. 

Online 

Being actively connected to a network or comput- 
er system; usually being able interactively to ex- 
change data, commands, and information. 

Optical storage 

High-density disk storage that uses a laser to 
"write" information on the surface. Erasable or re- 
writable optical storage enables written informa- 
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tion to be erased and new information written on 
the disk. 

PC 

A personal computer or microcomputer. The Ap- 
ple Macintosh and the IBM PS/2 are examples of 
personal computers. Many participants on the In- 
ternet use PCs to connect to Internet hosts. 

Point-to-point protocol (PPP) 

Protocol that enables a computer to use the Inter- 
net protocols (TCP/IP). PPP is gaining in popular- 
ity over the SLIP alternative. 

Protocols 

The set of specific communication standards that 
allow one computer to interact with other com- 
puters. 

RAM (random access memory) 

Computer memory where any location can be read 
from, or written to, in a random access fashion. A 
computer's RAM is its main memory where it can 
store data. 

ROM (read only memory) 

Once information has been entered into this part of 
the computer's memory, it can be read as often as 
required, but cannot be changed by the user. 

Router 

A device (sometimes a specialized computer) that 
stores addresses of network hosts and forwards 
packets of data between networks. For maximum 
access to the Internet's resources, a local area net- 
work needs its own router. 

Satellite 

See downlink. 

Scanner 

An input device attached to a computer that makes 
a digital image of a hard-copy document, such as a 
photograph, scanned picture, graph, map, and oth- 
er data that are often used in desktop pu' lishing. 

Server 

A server is a powerful computer on a network that 
provides a particular service and information to 
other computers; for instance, a disk server man- 
ages a large disk, and a print server manages a 
printer. 



Shareware 

Shareware is software that can be shaied among 
users but it is not free. Users purchase this type of 
computer software through donations to the soft- 
ware developer, usually to fund further research 
and development of the product line. 

Simulation 

Software that enables the user to experience a real- 
istic reproduction of an actual situation. Comput- 
er-based simulations often involve situations that 
are very costly or high risk (e.g., flight simulation 
training for pilots). 

"Snail mail" 

Paper-based mail, delivered by the U.S. Post Of- 
fice or other vendor, that cannot compete for speed 
with electronic networking. 

Software 

Programming that controls computer, video, or 
electronic hardware. Software takes many forms, 
including application tools, operating systems, 
instructional drills, and games. 

Synchronous communication 

See asynchronous communication. 

Sysop (system operator) 

A person in charge of a network system or BBS. 

TCP/IP 

Abbreviation for Transmission Control Protocol/ 
Internet Protocol. TCP/IP is a set of computer 
commands that dictate how the computers on the 
Internet will communicate with each other. 

Teleconference 

Simultaneous visual and/or sound interconnec- 
tion using telecommunications links that allow 
individuals in remote locations to see and commu- 
nicate with each other in a conference arrange- 
ment. There are many types of teleconferencing, 
including videoconferencing, computer confer- 
encing, and audioconferencing. 

Telnet 

An Internet service that allows users to log on to 
remote host computers as "guest" users, providing 
access to the files as if they were actually at the 
host site. 
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Terminal 

The computer used to connect to a host. The termi- 
nal can be a personal computer such as a Macin- 
tosh, IBM, or compatible microcomputer. 

Touch screen 

A device that attaches to a computer screen that al- 
lows data to be entered by using a specialized stylus 
to write on the screen, or by making direct physical 
contact between the finger and the screen. 

Uplink 

A satellite dish that transmits signals up to a satel- 
lite. These signals are then sent back to Earth to a 
downlink (receiving) site. 

Upload 

To copy a file, e-mail, or other information from 
one's personal computer to a larger computer on a 
network. 

Veronica 

A Gopher service that allows you to do a keyword 
search of Gopher menus. Named after the comic 
strip character (like Archie). 

Videoconference 

A form of teleconferencing where participants see 
and hear other participants in remote locations. 
Video cameras, monitors, codecs, and networks 
allow synchronous communication between sites. 

Videodisc 

An optical disc that contains recorded still images, 
full-motion video, and sounds that can be played 
back using a Videodisc player through a television 
monitor. Videodiscs can be used alone or as a part 
of a computer-based application. 

Videotext 

A foi-m of multimedia that presents video and text 
simultaneously on the same screen. 

Voice mail 

An electronic system for transmitting and storing 
voice messages, which can be accessed later by 
the person to whom they are addressed. Voice mail 
operates asynchronously, like an c-mail system. 

Voice recognition 

Computer hardware and software systems that rec- 
ognize spoken words and convert them to digital 
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signals that can be used for input (often used as an 
alternative to other input devices, such as a key- 
board). 

WAIS {Wide Area Information Server) 

A protocol that allows users to search and access 
different types of information on many different 
computer systems from a single interface. This 
text-based information retrieval system selects 
databases from an unlimited pool, .without the 
need for user familiarity with the internal configu- 
rations of each, and helps to organize responses on 
the user's machine despite vast amounts of accu- 
mulated data. 

Wide area network (WAN) 

A computer network in which widely dispersed 
computers, such as those among several buildings 
or across a city or state, are interconnected. WANs 
make use of a variety of transmission media, 
which can be provided on a leased or dial-up basis. 

Window 

A part of the computer screen that is given over to 
a different display from the rest of the screen (e.g., 
a text window in a graphics screen). It can also be a 
portion of a file or image currently on the screen, 
when multiple windows are displayed simulta- 
neously. 

Wireless 

Voice, data, or video communications without the 
use of connecting wires. In wireless communica- 
tions, radio signals make use of microwave towers 
or satellites. Cellular telephones and pagers are 
examples of wireless communications. 

Workstation 

A computer that is intended for individual use, but 
is generally more powerful (i.e., it has greater 
memory and speed) than a personal computer. A 
workstation may also act as a terminal for a central 
mainframe. 

World Wide Web (WWW) 

A hypermedia information retrieval system link- 
ing a variety of Internet-accessible documents and 
data files (text and graphics). Often referred to as 
"the Web." 
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Curry School of Education 
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Ron Gillespie 

Central Kitsap School District 
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Learning Technology Center 
Vanderbilt University 



Louis Gomez 
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Social Policy 
Northwestern University 

Jan Hawkins 

Center for Children and 
Technology 

Ellen Mandinacti 

Educational Testing Service 

Cecil McDermott 

IMPAC Learning Systems 



Barbara Scott Nelson 

Education Development 
Center, Inc. 

Robert Pearlman 
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Cathy Ringstaff 

Apple Classrooms of Tomorrow 
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Learning Research and 
Development Center 
University of Pittsburgh 
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Larry S. Anderson 

Mississippi State University 
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Bruce Barlter 

Western Illinois University 
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Jefferson County Public Schools 

GiadysBauder 

John Ross Elementary School 

Tom Bauder 

Woodrow Wilson High School 
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University of Central Florida 

ivan Bender 
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Caroline Benson 
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Gregory M. Benson 

New York State Department 
of Education 
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Boris Berenfeid 

TERC 
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Arlington Public Schools 
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Laura Breeden 

U.S. Department of Commerce 



David Brittain 

Florida Department of Education 
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of Education 
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University of Virginia 

Patty Burness 

George Lucas Educational 
Foundation 

Scott Buseil 

Montana Department of 
Education 

Dennis L. Bybee 

International Society for 
Technology in Education 
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Education Telecommunications 
Network 

Doris Carey 

University of Colorado 

Gordon Caweiti 

Alliance for Curriculum Reform 
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T.H.E. Journal 

Charlotte Cliowning 
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Daryl Chubin 

National Science Foundation 
Vicki Chubin 

Fairfax County Public Schools 

Jennifer Clair 

IBM 

John Clement 

National Science Foundation 

Hugh Ciine 

Educational Testing Service 

Catherine Cobb Morocco 

Education Development 
Center, Inc. 

Roger Coffee 

Webster Elementary School 

Jim Colby 

National Science Foundation 

Sue Collins 

Apple Computer, Inc. 

Mike Connell 

University of Utah 

James Cooper 

University of Virginia 

Sheila Cory 
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Schools 

JohnCradler 

Far West Laboratory 
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Center for Educational 
Technology, Florida State 
University 



Joseph Cunningham 

Peabody College at Vanderbilt 
University 

Kay Cutler 

University of Virginia 

Janet Dean 

Compaq Computer 

Christopher Dede 

George Mason University 

Bill Dempsey 

Texarkana Arkansas Schools 
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Kansas State Board of Education 
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U.S. Department of Energy 
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Carol Edwards 
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Leslie J. Flanders 

Scott County Schools 

Raymond Fox 

Society of Applied Learning 
Technologies 

Edward A. Friedman 

Stevens Institute of Technology 
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U.S. Department of Education 
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University of Nebraska, Omaha 

Judy Gray 

Issue Dynamics 

Barbara T. Hal(es 

Wyoming Centers for Teaching 
and Learning Network 

Michael Haney 

National Science Foundation 

Jeanne Harmon 

Central Kitsap School District 
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Breadloaf School of English 
Jerry Maiitz 

National Center for Education 
Statistics 

Heien Maione 

Arlington, VA 
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Texas Education Network 
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University of Nevada, Las Vegas 

Rosemary Sutton 

Cleveland State University 

Thomas Switzer 

University of Northern Iowa 
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Kansas State University 
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Southwest Regional Laboratory 
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Technology 
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John Ross Elementary School 
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Colorado Department of 
Education 
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National Science Foundation 
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Delaware Department of 
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Note: OTA appreciates and is grateful forthe valuable assistance and thoughtful critiques provided by the reviewers and contributors. 
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Throughout the course of this assessment, OTA received information and assistance from many 
schools, districts, and educational institutions across the United States. The following is a listing of sites 
that participated in OTA's case studies, served as the focus for the video report, and were visited by OTA 
staff. 



Case Study Sites 

Curry School of Education, University of 
Virginia and Jackson- Via Elementary 
School 

Peabody College at Vanderbilt University and 
Carter Lawrence Middle School 

University of Northern Iowa and Price 
Laboratory School 

University of Wyoming and The Wyoming 
Center for Teaching and Learning at Laramie 

Bellevue School District 
Bellevue, WA 



Monterey Model Technology Schools 

Monterey, CA 

Manzita Elementary School 
Martin Luther King Middle School 
Monterey High School 
Ord Terrace Elementary School 

The Texas Education Agency 
Austin, TX 

Video Sites 

Central Kitsap School District 

Silverdale, WA 

Brownsville Elementary School 
Emerald Heights Elementary School 
Olympic High School 
Ridgetop Junior High School 



Jefferson County Public Schools 
Jefferson County, KY 



George Mason University 
Alexandria, VA 
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Lockwood Elementary School 
Billings, MT 

The Options School, Capital Children's 
Museum 
Washington, DC 

Piscataquis Community High School 
Guilford, ME 

Shelby County High School 
Shelbyville, KY 

Webster Elementary School 
St. Augustine, PL 

Other Sites 

Ashlawn Elementary School 
Arlington, VA 



Carver Educational Services Center 
Montgomery County, MD 

Challenger Center for Space Science Education 
Washington, DC 

Jefferson Junior High School 
Washington, DC 

National Demonstration Laboratory 
Washington, DC 

Science, Mathematics, and Computer 
Science Magnet 
Montgomery Blair High School 
Silver Spring, MD 
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Copies of contractor reports done for this study are available through the National Technical Information 
Service, either by mail (U.S. Department of Commerce, National Technical Information Service, 5285 
Port Royal Road, Springfield, VA 22161) or by calling NTIS directly at (703) 487-4650. 

Ronald E. Anderson, University of Minnesota, "State Technology Activities Related to Teachers," 
November 1994, 100 p., NTIS No. 95-184800. 

Henry Jay Becker, University of California at Irvine, "Analysis and Trends of School Use of New 
Information Technologies," March 1994, 93 p., NTIS No. 95-170981. 

James Bosco, Western Michigan University, "Schooling and Learning in an Information Society," 
November 1994, 43 p., NTIS No. 95-172227. 

Larry Cuban, Stanford University, "Public School Teachers Using Machines in the Next Decade," 
October 1994, 42 p., NTIS No. 95-172243. 

Melinda Griffith, "Technology in Schools: Hearing from the Teachers," October 1993, 94 p., 
NTIS No. 95-170973. 

Beverly Hunter and Bruce Goldberg, Bolt Beranek and Newman, Inc., "Learning and Teaching in 
2004: The Big Dig," December 1994, 41 p., NTIS No. 95-171005. 

Nancy Kober, "Teachers and Technology: The Federal Role," May 1994, 136 p., NTIS No. 
95-170965 

John R. Mergendoller et al.. Beryl Buck Institute for Education, "Exemplary Approaches to Train- 
ing Teachers to Use Technology, Vol. 1 ," September 1994, 210 p., NTIS No. 95-170932. 
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John R. MergendoUer et al., Beryl Buck Institute for Education, "Exemplary Approaches to Train- 
ing Teachers to Use Technology, Vol. 2, Appendices," September 1994, 135 p., NTIS No. 
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Infrastructure Assistance Program 
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Training. See Inservice training; Preservice training 
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tance learning; Facsimile machines; The Internet; 
Local area networks; Modem access and use; On- 
line services; Telecommunications; Telephones in 
classrooms; Wide area networks 
current access and use, 9, 108-1 18 
importance, 122, 125 
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University of Southern California, 1 84 
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lessons learned, 198 

model schools, 197 
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access and use policy, 119 
"Lifestyle Change" Project, 152-153 
technology training policy, 136 



Vanderbilt University 

Cognition and Technology Group, 58 
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Peabody Integrated Media Approach, 17, 202, 
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VCRs. See Videocassette recorders 
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technology training requirements, 138 
Video-based instructional materials, 10, 58-59 
Video cameras, 10, 57 
Video conferencing, 59, 1 10 
Video equipment. See also Television for instruc- 
tional use; Videocassette recorders 
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distribution patterns among schools, 99 

installed base of computer and video technolo- 
gies in typical schools in 1991-92, 93 

instructional use, 89-90, 107-108 
Videocassette recorders 

availability in schools, 1, 10, 39, 57 

instructional use, 89 
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in teacher education, 202 
Videotaped programming 

instructional use, 89 
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WANs. See Wide area networks 
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Olympia school district, 70 

technology certification requirements, 1 75 

technology training policy, 1 37 
Weather projects 

Global Exchange project, 66 

Kids as Global Scientists project, 61 

technology potential, 1 1, 59 

Weather Underground suidy project, 61 
Weather Underground study project, 61 
White House Office of Science and Technology 

Committee for Education and Training, 213 
Whittle Communications' Chaimel One project, 106 



Wide area networks 

availability in schools, 9-10, 79, 1 10 

description, 112 
Wisconsin's technology certification requirements, 
176 

Workplace technology competencies, 1 1 , 50 
Workshops, 159 
World Wide Web, 1 10, 1 1 1, 1 18 
Wyoming. See also University of Wyoming 

compressed video network, 1 6 

student-computer ratio, 99 

technology certification requirements, 175 
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